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Page 2U, feur Unea frojyi U>uotn, pmuf^e ‘ § 107. Af«$cte$ o/ PmM^wtyla^ 

„ thirt^jon linf« iTom Uittoui^/or * (stfjrMO'hufturaiu),' rMd ‘ ir/phait?-^Htturuiui ,* 

„ 40, not« ' /or ‘ vr./ read ‘ vi 
„ 73, ‘ cxxxC.,’ rtW ‘ cxxxi.’ 

„ 1>I, note /(-r • 7,''..' nad • xxiv".* 

,, linw from toi),/>fV7«?.w * a. 

„ 1 20, fi^. !>5, /or * xxxix".,' rtad * xxrx''.’ 

I'iO, note * for ‘ rx'.,’ r^nd * ix" 

U4, note */!r ‘ l.viji',.’ read ' f.vin".’ 

„ to dma-jption of fig, I.Vi, add • ilwm;in/ 

,, 212, floU‘ \for • xcill.,’ ;v<if/ • xcill''.’ 

,, 261, note '/or * CV'^,’ read ’ c ix^'.' 

„ 2-'w, tielcAV cut 20, /or v''.,’ read ‘ cv’',’ 

„ 2fi+j, note * for ' xxv'\.’ read ‘ xxxjx'^' 

„ lact liiK ./or * first trac moljir/ read * lower tni« molwr.’ 

„ 412, note = for • cxxii".,' read ‘ <-xxi/.’ ^ 

„ 424, nr.t<> ' for ‘ f'xxn'^, xxin.,' nrui * ^,'XXll^ vol. xiil.’ 

„ 437, five lines from top, for * ja27/ read * 4 227 : ' aa^ on to * p, 715/ n»r 

\chich read * 5 

,, 42>^, ten lints from top, /or * fjg. read ‘ fig. 

„ 45(>, * fig. :;->4,’/^>r ‘ ox.xjr'.,’ read ‘ cxxii".’ 
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„ 473, liotc ' for ‘ ccxxiv'.,' read ‘ < x\n\ 

„ 470, not«> ’/or * cxu%’ rra;/ • cxx^^’ 

„ .51 note ’'/or ‘ Ib.,’ m<// • rLxxix*'." 

„ /HJo, not45 -for * xcvin"./ read * xmi'.* 

„ 53i>, note V*<>r ‘ cxc^'^' read * xx.\iv",’ 

„ 042, note ‘/or ' exoni".,’ re<id ‘cxxxiV 

„ oae, note */or ‘ cxcii".,* rei*</ ‘ xxxtv".’ • 

„ «22, twelve llnra from top, far ‘ fig, 4H3,’ read ’ fig. 48il, t.' 

„ 6f57, fourteen Unwfrora Ix/itoin, for ♦ glom,’ read * fwBR.’ 

, , 71 «, for * i m: rtad * 5 Wt ; * ntiU so on to ‘ j 438, p. Si H, * /or irMrh raat * 4 ;>28.’ 

„ 73P, nf neteen lin^ fRjm top, /or * £\d(vvt/uTia,' read * fipaiacotheria,* 
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Ml .snri.AIt SYSTEM OF MAMMAIJA. 

'Tiik tissno in tfio j»i*estMit as \n I he j>reeetlin<^ Veriohrate 

c lasses pn'sohts (iu* t\vo ctviKlitiinis of slri|>(Ml and iinsln|)e(l eleineii- 
lary fibres : the 8trip(Ml kind, ennijnasinjj; all tlie v()luntarvr.inr*:>^les 
witli llinse uf the ht*arf, an' retl : d(*(‘)K*r <M>lourod in Cetacea and ;? 
Cnntlrnra than in Ua</filatff: deojMT in tin* j)eetin*al nniseles of 
Cfteiroph ra than in those of the : paler in the pectorals and 
other innselt's of th<‘ tbro-h'os of tlie Kani»;arot> tlnm in the ‘ psoa? ’ 
and those of the liind-leofs : palest in some /iWA /zZ/V/. 

§ 1 02. yV/e Dlffp/irar/itf . — The chief (‘learacteristie of mammalian 
myolojry is tlie diaphrajxm, vol. ii., fig, 131), //, which, as such, is imt 
more com pletoly developed in Man than in the Monotreme. It is 
the partition between the thoracic ami abdominal cavities, fig. 1, 
vanltiMl and convex t<nvavd the thorax, fig. 2, and consis^ts 
of canieons and tendinous 
parts, the latter chiefly in 
the expanded or aponenro- 
tie form. The carneons las- 
cimdi are <livided int(» iho 

.ifp 

^ costal ' or greater and the 
‘ vortehral ’ or smaller mus- 
cles. The costal portions 
arise fn>in the (nsllbrin 
<*artilage, and those of the 
eighth to the twelfth ribs, 
by fasciculi wliiidi inter- 
digitate with those of the 
^ transversalis abdominis’ 

muscle. 1 liey ascend and IIuniAnillftiihraKm;.AUtl«iminal8»rfjuv, 

expftud, arching and con- 4 

verging to be inserffetl into the externai * ligaincntum arcuatiim,’ 

voa HI. B 




fig. rf, and into tilie appn^urosis callod ‘ centrum tendinciim ’ 
or ^cordiform tendon,’ ib., T. This centre is widely potehcd 
toward the spine, and divided anteriorly Jnto three tracts, of >vhidi 
the right is usually the largest. Betw een the right and middle tracts 
is the orifice, e, for the inferior vena cava (‘ postcaval’ of Main- 
mals). Beliiiid the tendon, and to fhe left of the median lino, is 
the orifice, c, for the (csojihagiis and pncuinogastric nerves : the 

aorta, passes from the 
cliest to tho abdomen be- 
tween. the ^ crura ’ of tlie 
lesser muscle. Xhe right 
“ crus ’ in Man arises from 
the throe or four u{)j»er lum- 
l>ar vert(:d)rio : tlie left crus 
does not descend so hnv : 
both miiscnhu* l)undlo5 ex- 
pand as they rise, decus- 
sate at iho crSf^phagealopen- 
ing, and arc jnsertc<l into 
tlic posterior concavity of 
the central tendon and in- 
ternal ligaineutum arcua- 

HMmAn 4,lla)>hrjiy;n. Tbortcic S5irf.n<v from 

turn, tig. i,y. 

The diaphragm is most mu.soular, longest, and most oblique in 
Cetacea, in wliich the central tendon is almnst obsolete: by rising 
so far buck, it permits the proportional extension of the lungs, 
'which in the Dugong ami Manatee act a.s air-bladders. In tlic 
perissodactyle Ungulates, in which the moveable ribs are numerous 
and continued to near the pelvis, the diaphragm is also extensive, 
and much arched toward the thorax. 

§ 193 . Musekii of Monotremata. — To give an account of the 
muscular, as fully as that of the osseous, system of the Mammalia, 
• Avould not be attended w ith the same advantaghs, even if a detailed 
myology C0Mi{)orted with tlie scope and extent of the jneseiit work. 
This part of Mammalian anatomy w ill thercfoi c be limited to the 
notice of a select c:?famplc8. Fig. 3 , from Meckel,* sliows the 
more remarkable muscles of the Ornithorhynchus. The animal is 
dissected from the ventral surface ; the great ‘ pannicpilus carnosus,’ 
), is reflected from the right side, and the dee|»cr-sca(ed muscles 
are show n on the left. The panniculus carnosus, w hich is remark- 
able for its thickness, encompasses nearly the w hole body, adiiering 
most firmly to the external skin, but separated from the subjacent 
muscles, especially where it covers the tliorax, abdomen, the arm, 

* LXXI-. 
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Ik^SCULAE SYSTEM 

and the tliigh, by a copious and lax cell uliif tissue ; and in the 
at the abdominal region, by the mammary ghiiKl^. The 
fibres iim chiefly longitudinal, but at the lower part of the neck 
b(‘come transverse. The obtuse posterior end of the muscle is at- 
tached by three or four fasciculi to the dorsal aspect of the caudal 
dia|>f)j)hyscs. I'he legs and the arms j)rotrudc through ol>Iiquc 
apertures in this muscular tiiuic ; some of the aiUorior fasciculi arc 
ins(*rtcd by a short tendon into the pectoral ridge of the humerus ; 
aiid others, still in«>re anterior, are attached to the cranium, the 
lower jaw, and lower lip. A strip of fibres, which is cut off’ at 
I *, is atkiched to the os hvoides ; another fasciculus ({') spreads 
over th c ch<'ck-[)uuch, F, and assists in einptnng tliat receptacle of 
the fot»d. 

Tiic fntprzins^ is divided into two muscles; the posterior por- 
tion is an oldoiig slender triangle arising by a broad tendon from 
tlie tenth ainl eleventh vertebrae and ribs, and inserted by » ^ !u>rt 
siroi\g tendon behind the extremity of the spine of the scajuda ; fhe 
anterior portion arises from flu? o<‘oi|mt and terKlInous ra|)hc o<»n- 
necting it with its fejlow of the opposite side, and is inserted into 
the spine of llic scapula, and into the outer half of the clavicle. 

'riie Idtlssimus f/ors/, a very long and broad muscle, arises Irom 
the sj/uK’s of all the <lorsal ainl lumbar vertebrie and from the 
cl»‘ven posterior ribs ; it is inserted by a bri>ad and'Stroiig tendon 
into the distal half of the ulnar margin of the humerus, and, with 
|>art (»f the ‘ panniculus,' into the fascia attached to the olecranon 
and spre^ading over the forc-anu. A t its anterior part this muscle 
may bo st'parated into a superficial and deep stratum. The rhom- 
hiildem is a single muscle, but thick and long, inserted into the 
narrow base of the sca[)ula. 

7'1h‘ .spfr)ti?fs raj)ltfs is iiuited by an interuiediato tendon with 
the opjH>site muscle, and is inserted into the mastoid jU’ocCvSs. 

Tln^ hivcnhir cerricis and the complexns are distinct thronghou't 
tlieir whole <*ourse, which extends from the anterior dorsal and ' 
posterior cervical spines to the occi}mt; the complexus is the 
longest and thickest muscle, and divides into an external, shorter, 
and deejier-seated portion, and an internal, longer and superficial 
portion. 

The aarrolumhalls arises from the dorsal extremity of the ilium. 
Is attached to the ribs, over which it passes in its course to its 
ins<ntion into the transverse processes of the four or five postm ior 
cervleal vertehrje : it is continued by the ‘ ccnnealis ascmilvas ’ to 
the atlas. 

The hmgissimus (torsi is a much thicker and narrower muscle, 
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and oxtcndfi from the dorsal aspecjt of the sacrum along the spine 
to th^ tliird 01 ’ fourth ecrvioal vertebra. It is continued forward by 
tlie tramnersalis ccry/e/A'^und Iruf ltr.lo^rnasf (miens, which are blended 
into M sinijle oblonj^ inusclc arisin^:^ from tlic anterior dorsal and 
Inserted into tlie transverse processes of the six lower cervical 
vertehne and the mastoid ])ro(*ess. 

'Idle st(*rno-‘ mastoid is a tlouhlc muscle on l>oth sides, one por- 
tion being sujierficlal, 8, the other deep-seated ; each arises sepa- 
rately from the epistcirniim, and is sejiarately inserted into the 
mastoid. IMie om(t-luf oldens^ lo, and niiflo-’lu/oldeuSy id, have a 
common insertion into the hyoid. * A nuisch;, i", arising from 
the basi-hyal and. expanding to be inserted Into the loAver lip, 
servers to ridract this ]»art. The stc^rno^lu/oidcus, n, joins the Ayr;- 
(//ossus. 'fhe (jenio~h(j Oldens^ 12, and t!ie sh/lo-ltf/oideusy Ki, have 
the normal relations ; the bive.Ht(‘r maxilla:, 14, is a short thick 
muscle, inserted near the bend, representing the angle, (d^jhe. juAV. 

The caudal muscles are powerfully developed. The ohliijue 
lihros of the Inferior or deflector muscle^ are shown at 53; they 
are removed on the other side to ox])ose tlie anterior (‘audal 
nerves, /. ddie ohlif/uus ej trrnns abdominis, a, a, jtrises from all 
the vertebral ribs, except the first, and .(Vom tlie dilated ex- 
tremity of the ilium; it is inserted liy a strong tendon into the 
outer extremity of the marsupial hone, \'i, thmi exjiands into an 
aponeurosis which is attached to the ini(n;nal margin and base of 
that hone, and into the symphysis pu!)i.s, deiMissating Avith the 
tendinous fibres of the o[H)Osite muscle : it iloes not to form 
Jill ‘ abdominal ring.’ 

The oblifjuus internm^ r., arises Irom tin* anterior j>art of the 
ilium, expands, and is inserted into tlie liroail cartilages of the 
sev<Mi postorioi* ribs, v, v. 

The transnersus abdominis, 7, is a thicker muscle, and arises 
from both the ilium and the lumbar diapophyses ; its teudon 
jiasses behind the recti to l>lend Avith that of tlie oj>i)osite muscle, 
and Avitli the aponeurosis of the ohlajui extend, in tlie linea alba. 

T^he j)jframidalis, or sujHudicial rectus, 4, is here, as in the 
ordinary Marsupials, of very large size ; it arises 1 vom the whole 
inner margin of the niarsuj)ial bone; its fibres converge toward 
and arc confluent at the linea alba vvitli those of its fellow, and it 
gradually terminates in a point opposite the }>oslerior part of llie 
sternum. It depressijs thc‘ ribs, shortens tlie alidomen, and pro- 
tra(!tH the inarsu|nal bone. 

7110 rectus abdominis, or posterior rectus, 5, arises iVom the 
posterior margin of the marsupial byne. and is inserted into the 
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cartilage of the first rib, the mauubrium sterni, and the coracoid 
bone. « 

The diaphruiim presents the structure wliicli is cliaractoristic 
of the true inamuiiferous animal, 'flic lesser inuside arises from 
the first lumbar and lour last dorsal vertebne, and ex})ands k» be 
inserted into the central tendon, which chiefly receives the fil)res 
of the greater muscle arising from the cartilages of the eleven 
inferior pairs of ril>s. 

Tlie pcetoralis, 2 , is of very striking dimensions ; llic origin of 
the superficial jKirtion extends from the acromion and ej)lsterimm, 
along the stern iiin and linea alba, almost to tlu; pubis; a deeper- 
seated portion arises from the six osseous sternal ribs ; the fibres of 
both portions converge to be inserted into the largely-developed 
pectoral or anterior crest of the proximal half of the humerus. 

'I'lie pt^rtoralis mi/ior is attached to the coracoid, and the 
r/«r/^/.y is^ likewise inserted, as in some other quadrupeds, into 
this bone, whieh is no longer a subordinate proeeSvS of the scapula 
in the ALmotremos. 

The suhscapdlaris is a narrow muscle, and naiTowcr in reality 
than at first si'ght it appears to be, since tlic aupraiijdnafns, from 
the inflection of tlie s|>ine and acromion, arises from the same 
aspect of the scapula, and appears to fi)nn tlie anterior (ksciculus 
of the sufjseapffJavfii' \ its distinct insertion into the anterioi* 
tuliercle of the le ad of the humerus jioints out its true nature. 

Tlie utlraspliNitas, 20, and the large tmts w(fJor cover tlie 
whole external surface of the scapula. 

The deltoid is divided into an anlei’ior and a j)osterior jjortion. 
The anterior portion, 12, arises from tin’ anterior extiaainty of the 
coracoid, and is inserted into the summit of the deltoid crest oi‘ 
the humerus: the posterior j)art, 21, arises from tlie anterior and 
superior Hj>ex of tlie scapuJa, and is inserted into the lower half of 
tlfe deltoid crest. I'here are also two muscles to wliich tlie name 
\]oraco-’hrachi(tlii may be aiqdietl, a superior one, 22, and an in- 
ferior one, 25 , 

♦ 

The hiceps hravhil arises by two licails ; one, 2a, arises from tluj 
sternal extremity of tJn/coracoid, the other, 24, also aris<‘s iroin 
the coracoid ; the common tendon is inserted into the middle of 
the radius. 

I he other muscles of the anterior extremity adhere closely to 
the jMainmalian tyj>e. llie extenmr ettrpi radif/lisy .'10, sends tiiree 
tend<ins, to he insertcsl respectively into the second, third, and 
fourth inetacMr[)al bones. There is a single common Jfejor diiji- 
t(}rum, as well as ejde/tsor dy/Uorumy 27. 

The exfeitaor dlfjiti minimi^ aft, the indivator^ 2s, the vxtemor 
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poUwiSy 29, the pronator Urrs, 32, and \\.\Q-flrxor carpi radiaJis, 33, 
arc aH^reniarkable lor ilieir strongth in the OnutliorhyiicUu.s, and 
arc still giorc powerrullyMeveloped in the Echidna. 

'.riui most reinarkahle muscle on tlie j)alinar aspect of the fore 
arm is the carpi which arises by two separate 

heads, the longer oiuj IVom the broad olecranon, tlic shorter one 
Trom the internal condyle of the humerus; the common tendon 
is attached to the os pisilbrmo and the metacarpals of the fourth 
and fifth digits. 

The psooii n\atjna and iliacna interjius tbrin a single muscle, 
liaving the usual origins, and inserted 1>y a common tendon into 
the large int<irnal trochanter. 

'^rhe psoas minor is the largest of these muscles. It arises from 
the sides of five dorsal vertebrae, and its strong tendon is Implanted 
in tlic remarkably deveIoj)ed ilio-pectineal pj-ocess. It depresses 
the pelvis, and with it also the tail and tlic pelvic extremities. 

The cctofjluU’Hs is larger than is usually the ease with qua- 
drupeds ; its iiiS(*rtion extends to the plantar fascia and tlic 
bmu; which supports the s[)ur. The mesoijlntcns, entot/intcus, 
pcrtincus, 45, hireps fiexor cruris, (jracilis, 34, sartomus, 35, rectus 
femoris^ 3»), addnetorvs jemoris, 46 , semifendinosus, 47, scrai-mcm^ 
hronosns, vastus cxff'rnus, otter no notable deviations from the 
usual structure. A strip ol* fibres, 4% desceuds from the gracilis 
to the spktncfrr cJooav., ir. A muscle, called By IMcckel ‘ flexor 
a<’cessorius a eauda ad libiain tendensf 5i, arises from the trans- 
verse }>rocess(‘s of the anterior caudal v(‘rtc‘l)ne, and converges to 
be iiiserte<l into the tibia. Anotlna* j)cculiar adductor ot* the leg, 
whieli iniglit be termed * intertibialis,' 5;!, Is attached by its ex- 
tremities to both tihi;e ; its fleshy belly passes across the sphincter 
<*loaca;, 11, and is connected with a strip of the {>anniciilus ear- 
nos us. /. 

The 4S, derives its largest origin from the pno- 
duced and expanded head of the fibula, and its smaller belly from, 
the internal femoral condyle ; its Icndtm is imidanted in tlie cal- 
cancum. The homotopy Ixjtwoen the (jastrorncmins and Jiexor 
carpi uhiaris is .strikingly illustrated in the Ornlthorliyndius. 

The solcus ari.ses li’oiu tlu* licjul of the fibula and from a largo j>ro- 
portion of tlq* til)ia ; it is nowhere blended with the gastrocnemius, 
Init is inserted by a thiiik ixiu{ short tendon into the astragalus. 

The abductors of the outer digits^ of both the hami and foot arc 
wadi developed for the purpose of expanding the web which 
connects the toes. 

In the figure the following muscles of the leg are shoNvn — viz, 

O ” f ‘ 

37, tibialis aiitiens, 38, ixtensor hall ads lonyus, M), pcroncus long us, 
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40, peronens hrevis, 4i, extmsor dnptornm profundus^ 4.?, rxtemor 
dUjitonmi suldimis, 4?, a portion of tlie jsanie ininsole oorrctiponjling 
with the imlioator of the fore log, aiiU 44 , extensor diaitl (luintl 
accessorius, 

§ 194. Alnsdes of Atarsnpialia . — The coininoti ])Oi?turo 

of the Kangaroo is often termed the ‘ereet*/ yet the eonditions of 
this postnro are very difiereiit from 1ho.se in the human siil>je(‘t. 
The trunk, instead of resting ujn-ight on two nearly vertiiail j)iJlars, 
h here swung iij)on tlie femora as uj)on two springs, whi(;h 
des(xmd from the knee-joints oldupiely ))aekward to their points 
of atiaehuient at the pelvis; *and the trunk is |)ropped u[» Ixdund 
hv the long and p(nvorful tail, v(»h ii., fig. 211, 

In Man the massive and exjmndcd inuseles whieh find their 
attaehmeut in the broad lumes of the jxdvis, especaally at the 
]K)sterlor part, are tlm ehlef powers in maintaining the erect 
po.sfure,_ But in tlio Kangaroo the f/lafcci olfei* no can’respondiiig 
predominanee of size ; tlie narrow prismatic ilia eould not, in faet, 
afford tliem the requisito extent of fixed alttichment. 

The chief modifieations of the muscular system in relation to 
the erect position of the trunk in the Kangaroo are met with (m 
the anterior jiart of the base of the s])inal column. The psna*. 
parvfp^ f‘or example, present projjortions the reverse <»f those 
that suggested their name in human analomy. They form two 
thick, long, rounded masses, which lake their origin, flesliv, IVoin 
the sides of the bodies and liase of the dia|»ophvse>s of the lower 
dorsal and all the six lumbar v('rt<*braN and iVoin tlie extremities 
of the three ^a^t ribs ; the fibn’.s converge pennifiiniiwise to a 
Btrong, round, middle tendon, inserted in the well-marked tubercle 
or s|>ine of the pubis, already iiotieed. 

The abdominal niuseles include a ppramidtiUs as remarkablv 
developed as in the Monotrcme.s In the Bhalanger, fig. 4, 
tho exUrnal ohlifjve, besides the usual origin by digitatioiis 
•from the ril)S, also arises from the fasria Itunlwnnn: i( is in- 
serted fleshy into the summit of the marsu|)ial lame, a, over 
which its .strong inner tendon is spread; tin; external obliqm? 
becomes ajionenrotic iif a line continued from tlui marsupial 
bone outward, with a gentle (mr\e, toward ilie anterior ex- 
tremily of the ilium j and in the opposite <lire(*tio|i, or inward, 
the carneous fibre.s of the external oblique terminate in an 
aponeurosis along a lim? parallel with the oblique outer margin 
of the pyramidalis ; tlie fascia ecmtiriiied fn»m the latter boundarv 
of the fleshy fibres passes over, or dermad of, that musi-lo, 
and meets its fellow at the linea alba; it is homolo<rons 
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WITH TJH! interior layer of the slieath of the rectus in ordi- 
iiiuy ]^amtniiruu It is seen reflected from the [lyramidalis, 
lit i, fig. d. "f he aiionciiVosis continued irom the external and 
inferior boundary of the 
(*arneons Hlires divides as 
usual into two distinct ])or- 
t ions. ( )ne, Oy eorres pond- 
iniX to the internal or 
mesial pillar of tlie abdo- 
minal i'ing, sj>reads its 
glistening filircs, as above 
deseribed, over the. dermal 
siirfa<*e <»f the marsupial 
bone, r, to whieh it closely 
adheres: the other eo- 
lumii, dy contracts as it 
descends obliquely in- 
ward, forms, lik(! ‘ Ton- 
part's ligament/ the upper 
boinnlary of the spiu^e 
through which the ])soas ami iliacus muscles and femoral vessels 
and nervevs escape^ fnun the p(‘his, ami is tiiuilly inserted, tliick 
and strong, into the outer (‘iid of tin* base of the marsupial lione. 

This bone is so (jonneeted with the pubis tiuit its movements 
are almost limitiul to directions forward and backward, or those 
concerned with the dilatation and diminution of the abdominal 
Spaeth ; tlie contraction of the abdominal muscles must draw the 
l)ones inward so as to compress tin* (amtents of the alKlmneM, and 
so far as the eonneetions of the bone ]>ermit, whi(*h is to a very 
trifling degn*e, the external oblique may draw it outward toward 
the ilium. In some Marsupials, as the Koala, the trieej».s adduc- 
tor femoris semis a slip of fibres to the external angle of thft 
base (»1‘ the marsupial bone, and would more directly tend to bend 
lliat bone outward. 

I'lie up|»er or anterior fibres of tlic internal oblique have the 
usual origin; the Itiwer mies, c, arise flesliy from the outer and 
anterior spine of the ilium, and for an inch along an aponeurotic 
chord cxtoml(;d 1‘rom that process to the upper part (»f the aceta- 
hulum; these earneous fibres pas.^ iiuHgjtrci and slightly upward, 
and U*rminate close to the outer uaai^in of the rcetns, where t hey 
adhere very strongly to the transvcrsalis, but give off a sejiarate 
sheet of thill afioneurosis which is lost in tlie cellular sheath of 
the jiosterior rectus. , 
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The fleshy fibres of tlic transversalis ahihtninUy /, are closely 
connected by dense cellular tissue witli those of the tuuternal 
oblique; they are arranged in finer fali‘ieuli, and have, as usual, 
a more transverse direction; they tenuinate alono' the same line 
as those of tlie internal obli(|nc in an iiixnieurosis, y, which is 
continued alono’ the inner or central surface of the {)ostenor rectus 
to the median line. The lower hoiiudary of the flesliy fibres of 
the transversalis is i>arallel with the line extended transversely 
between the anterior extremitit's of the ilia; a fascia, less comiiaet 
than an aponeurosis, is eoiitiniicd down\vard from this margin, 
and envelo[)0s the croniastei* and the constituents of the spennatie 
chord, as tliey pass outward and forward beneatli the lower edge 
of the internal oblique. 

The in/randdnlis^ It, arises from the whole inner or mesial 
margin of the marsupial bo]u\ from wdvi<'h the fibres diverge, 
tli^ luwiu* ones }>asslng transversely across the inteivpuce of tiu* 
l>orios, and meeting at a very fine raphe, or linea alba; wldle those 
fibres from the anterior ciuls of the marsui)iMl bones gradmdly 
exchange their transverse direction for one ol)li(piely forward, 
TIjc lu'cadlh of each |>yramldalis oj»po.site the uj)pcr end «d' the 
marsupial bone is move than an inch, the tinckness of the muscle 
one line. 

The rtcftis /thdominis, /, ('orm\s off from the |)Mbis. along the 
iniKU* j)art (*f the strong ligamentous union of the l)road l)ase oi‘ 
the inarsnpial bone, aiul expands as it aseends until it attains the 
level <‘f the ensifonn cartilage, when it diiiiinishes as it is inserted 
into the si(‘rnal extremities »?{ tlie ribs la ucliing to the maTiubriunii 
sterniand iirst rib in the Dasyiires, as in the jilacental t’arnivores. 
The slight indications ot tendinous intellections are confined to 
the posterior or central snperfii-ics of the muscle, 

Tlic (nntasfrr, k, in the ilialanger and ()p<>ssum, is not a 
fasciculus of fibres simply <Ietaclied from the lower maigin of tlie 
internal oblifjiio or transviu'salis, but arises by a narrow tlnmgh 
strong a poiieurosi> fro!n tlu^ ilium, within ami a little aliovc the 
loAVCr boundary *>f the internal oblicpic, with the fibres of wdur!h 
the course of the ereinaster is not parallel ; it might be considercfl 
a>s a part of the transversalis, Imt it is separated by the fascia 
above meutioruxl from the carneous j>ai't<)f that mii«(‘le, Ila^’ing 
emerged from beneath the margin of the internal oblique, the 
ereinaster escapes by the l*ge elliptic abdominal ring, /, bends 
round the marsiqual bone near its iVee extremity, ami expands 
U[>0n tlie tunica vaf/i?wlis testis. In tlie leinale it lias the same 
oi'igin, course, and size, h{it spreads over the marniimry glands at 
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the back of the poiicli. If the anterior fascicles of the diverjrinnj 
aial eiul^'a(*ing fibres bo <lissect(Ml IVoin the posterior ones, tlic 
ap|>oarauee.of the creiuastel* dividing into two layers is jiroduced. 

Th<^ priiicijial modifications of the muscles of the pectoral ex- 
tremity arc here des(?ribcd as they exist in tlie Peramdes kujotiii, 

The trffpcziits has its origin extended from tlie skull, along the 
1‘crvical and dorsal spines, to the fascia covering the lumbar por- 
tion of the latissimus dorsi : its fibres converge to be inserted along 
the spine of the scapula, the anterior ones being directly continued 
into tlie ]>eetoralis major, whereby It becomes an extensor of the 
liumerus and a jirotractor of the fore C‘*xlremity. 

"Jdie Inliasunitii dorse arises chiefly from the broad ajioneurosis 
(*o\ ering the musides of‘ the lumbar region of the spine, an<l from 
t he sjiines of the vsix posterior dorsal v(‘rlel>ra? ; the fibres gradually 
converge, the musele ini‘reasiiig in thickness as it diminishes in 
breadth, and terminating in a strong Hattencd tendon one lueh 
before, its insertion at the upper third of‘ the hiimerns. It is con- 
nected, as in most brute.s, up to and including the (iorilla, witli an 
aecessory extensor (omo-fuirofirus) ‘ vY the antibrachinm. This ex- 
t(msor takes its priii<:i|»al oi'igin by fleshy filires from the terminal 
hair Inch of the fleshy part of the lati«?simus dorsi, and continue.^ 
fleshy, slightly diminishing in size to its insertion at the apex of 
the oh'cranoiu 'i'o remedy the inconvenience of an origin from a 
vi»‘lding and flexil>l(' part, a thin aponeurotic slip, in Pcromidrs^ 
attache.-^ a part of the lia.se of the superadde«l muscle and the cror- 
resjmnding p*»rtion of* the latissiiuus dorsi totin' slieatli oi’ the t<'res 
]iiaj<»i\ and to the inlVri<;r costa of llie soapnlu near ils poster’ior 
angk^ The su/n'tisjtijtof (fs^ a ^lrmlg janinifonn muscle, exeeeds 
the i/t/rasidnafffs in Ijreadlh by as much as the supra-s]iiiial fu:jsa 
is broader than the Inlra-.'-pinal one: It has a broad and strong 
insert i*m into the great outer tulierosity of the lumuTus. The 
lofrasinnatHs is insoided into the iipjar and posterior part ol‘ tliat J 
tuberosity. The ddtuklrs is a. eomparatively small musele; it 
arl>es from the anterior half of the spine of the scapula and from 
a tine «apomum>.sis covering the infraspinatus; its lilires Converge 
to l>e inscrterl in the upper j)art of tlie rteltoid rulgy, A thin 
.small stiip of musele arises from about the miildle of the 
ini'erior <?osta ,of the seafmlu, beneath the iiifras|)inatus ; its 
iilires juiss forward ami Join the lower, margin of the small del- 
toid, thus bracing uixl enclosing the tendon of the infra.S}>inatus. 

* I. XXX'. |). 281) (lSir>): the mu.scic is termotl ‘ fIorso*opiu*uchlien ’ hy Dnvernoy in 

tho (iorilla, i". p. 80 (ISi**;)), whcic it is iuscrtcil into the inner oontlylc ot tht? 
hmnerus. 
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Ill olavioulato marsupials the doltoid is larger, and consists of 
three iasdeuli. « 

The feres major is a strong sub-coihprcssed muscle .arising from 
near the posterior lialf of the inferior costa of the scapula, and 
joining, as hefore slated, the tendon of the iatisshmis. 

Tlie trim ps extensor has its long portion arising from the anterior 
third of the inferior costa of the scapula; its second head comes 
from the ja)sterior part of the {jroximal third of the humerus ; the 
third }K)rli(»n takes its <»rigin fiom the whole of the j)Osterior j>art 
of the humerus; in additl(»n t() these, the olecranon receives the 
abovc-sleseribed fourth sujicradded slij) from the latissiinus dorsi. 

The pectoralis major is, as usual in the Marsujiia! and many 
higher quadru}>cds, a complicated muscle : it consists of an anteih)r 
or superficial and a posterior or dcejier portion ; the anterior portimi 
receives the strip of tihres l>eforc mentioned from the trapezius, 
there. lunng no chiviclo or clavicular ossicle interj>osed in the IV- 
riuneles ; its fibres <*oiiverge. Increasing in thickness as tbev 
diiuinisb in breadth, and are inserted into the anterior and outer 
])art of the strongly developed pe<‘toral ridge. The second and 
main portion of tlie poetoralis arises from tlie whole exrent of tlie 
stermim; its fibres are twisted obliquely across each otlier as. they 
converge to be inserted into tbe innei* part of the pectoral ridge ; 
some of tlie internal and posterior /ilires ot‘ this [xntion oi‘ tin? 
twisted ]iectoral jiass obliiiuely upward and behind tlie anterior 
faseienli, and are inserted into the coracoid process, thus repre- 
senling ihe pectoralis uilnor. lieneath this latter portion of the 
pectoral, a long arul slemler muscle jiasses to be inserteil into 
tlie anterior part of the tuberosity of the liunierus ; this may 
likewise be n'ganlcd as a dl.<nu‘mbcrment of the jiectoralis majoj*, 
l>ut it arises from tbe fascia of tlie rectus alidominis, below the car- 
tilages of tbe lower ribs. Thus the strong pectoral ridge of the 
• Inimerus is acted upon liy muscles having a range of origin from 
the ocidput and cervical viu'tebra^ along the whole extent of the 
cliest to the lieginniug of Jhe abdomen. 

The bic(‘p.<i id a {jowerful iilthoiijfli its short hoad from 

the corac<ti<l proccs.s i,s .sujipresscd. Tlie hxijf head ha.s the usual 
origin and relation to the .slioul^ler-joint ; its tendon is vci-y thick 
and short. 'J'hu deshy hclly joins that of the strong hrachialis in- 
ternus, situated at the eternal side of tiic humcru.s, whence it 
takes its principal origin from the; short deltoid ridge, closely con- 
nected tliere with the second jKirlion of the tricep.s, and deriving 
some fleshy fibres froni the lower and outer third of the humerus. 
I'he jjortion of the biecy-s arising hy the long head soon resolves 
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itso.ii inio TWO distinct poniiiform muscles ; tlic tendon of the 
outer on% joins tluit of the hracliialls, and tliis conjoiruid tendon 
simplj^bonds the for(»-Mnn, tVhile the inner tendon bends and pro- 
nates; the latter, which is a, direct though partial continuation of 
the biceps, is inserted into the ordinary tubercle of tlK', radius ; 
whereas the outer tendon is attached to the f<»re part of the proxi- 
mal end of the ulna. The muscles which arise from the internal 
condyle of tlu^ humerus are tlu‘ /c?r.v, whl<*h has the usual 
origin, insertion, and relative proportions, and next a large pal- 
maria ion(fHa. There arc, likewise distinct and strong fasciculi of 
muscles eorrespouding to i\\i\fl(\vorvii rarpi nhiaria and radialia, and 
to tlu‘ y/e.rer snhlimis dipi forum. 'ITn^ strong ridge eouiinued from 
th(' Tdeeranon tt> the posterior ami iiuier part nl' tlic ulna gives 
origin to a great [iroportiim of* tin* obl!<|ue fibres of tlu‘ //r.r/y/*yo*e- 
faadns; but both tins and ihcj/r.ror nfddimi.s terminate in a singlc 
thi(*k and strong tendon, which aften* passing the wrist divides into 
those enrresixmding witli the perforating and |>erforated tendons 
ct>ncentrMtod, in Prramrlca, upon tl)e tlirt‘e long middle fingers. 
The. pronator gaadrafaa runs the whole lenglh of tlie interosseous 
spataj, passing from the radius a little obliquc^iy dowiward to the 
ulna. The .sapiuaftir lonpaa., arising as usual from the upper part: 
of the strongly dev<*lopi‘<l ridge above the outer condyle, semis its 
lemlon across tln^ earjad Joint, whieli tendon <livldes bcibre it 
crosses, ami is inserted l)v one of its divisi()n.s into tlie I)Mso of 
one ol‘ the metacarpal bones of tlic index finger, and by the other 
into the adjoining iiu taearpal bone. 

'rhose aj’<^ tlie |)rinci[>al muscles of the fore extremity wliieh 
require mitice. Their luodilieations, in respect (J’ umuher and 
strength, n’late to tlie act »»f digging up the soil, which is habitual 
in the Ihindieoots, as it is for the purpose of obtaining foo»l, and 
not for shelter. It is for this purpose that the three middle digits 
of tlie hand ai'O developed at tlie expense of the other two, whit'h- 
a^(^ rudiinental ; the whole power of the (haqi and superficial 
llexors is coueentrated upon the fossorial am] well-armod fingers ; 
and, by the single common tcmlon in which the fleslty lilires of 
these museles teriivinate, they move tliom Colleetively ami simul- 
tamamsly. 'riuis variety of a]>plication, ami especially the pre- 
hensile faculty^ are sacrificed to the aet^uisition of force for tlie 
(‘ssoTitial action. In no iMarsupial is Utc hand so cramped as in 
the Prramvlra^ excejiting in the Chxvropns, where the functional 
and (bssorial fingers are reduced from thix'e to two. It is in rela- 
tion to this comlitiou, doubtless, that the clavicles are Avantiug in 
these genera, while all other Alarsuiiials possess them. In lliese 
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the biceps has tlie usual two origins: the flexor snblimis 
is distinct from the flexor profundus in D/f/r/p/tj/s, ^ 

The muscles of (lie hinder extreinitS" are (‘hiefly remarkable in 
the Kangaroo for their pvoiligious strength and iimisua! number: 
tlio accessory muscle of the rr//r/V, e. g., arises from a 

caudal vertebra, and, Avilli that from tlio ischiimu forms two strong 
fasciculi, one inserted into tlie outer femoral condyle, tiie otlier 
into fascia covering the gastroenemii. The jiyrilbrinis is also a 
double nuisch'. The sfirfori/zs lias its inscu'tion so modified tliat 
it becomes an extensor instead of a flexor of the tibia: it is 
chiefly fixed to tlu' tibiat sale of the gri.^tly patella, and by 
fascia into tlie capsular ligament of ibe kiiO(‘~j(»int and tln^ 
anterior iiroximal tul>erosity of the tibia, hi a Dasyure ( /)tfs\ 
r/iarn(rt(s ) I found that tlie sarlurius liad a similar disposition and 
<»fiiee. In this ainbnlatory earniiorons Marsupial the v.rtfnntl and 
rnjddk f/hita i are so di<])oscd as to extend the, thigh, while the ta- 
hrnal t/ltftans inflects and rotates it inward. In a Bandicoot 
{ tWonffdjs IfK/otis) the .snrfori/o; rim mearly ]>arall(‘l with and 
dermad of the and wa- ins< rtcd into the ujiper part of the 

])atella. Dj-sidcs this >csamoid, wliich is rarely d(‘\ eloped in otlier 
Mai'snpials, I ibimd a tliick cartilagi* attached to its n|>|»cr part 
and iuterjiosed betweem the common tendon of tin' recti and vasti, 
removing tliat tendon fiulher fi*om the centre of motion, aiul in- 
creasing the power of the extensor mnseles ol‘ the leg. Tin; /w- 
///.s' frworis lias its two origins v<*rv distinct, and its liomotypy 
witli the bleeps of tlie u]>i)er extremity is olivions. The///v/rv7/.v is a 
very thick and strong innsele. I'he hlwpis fhxnr crurts in the 
reravncles is a mnselc of very great strength ; it tenninates in a 
strong and broad aponeurosis, whi<*h extends over the whoK^ 
anterior part of the tibia, being attaelu'd to the i*oTular tnberositv 
of that lione, and torniinating below in the sheath of the tendo 
•Aehillis, wlicreliy tliis mnsch* heeoines an extensor of the foot. 

All tlie etpiipedal Marsnj?ia!s, whether Inirrowers as tlu^ \Voin- 
bat, climbers as the ixoala,^JMialangers, and Opossums, or simply 
gressorial, as the /M.«f////r/V/r/>, have tlic tibia and fibula so conneeted 
together to allow of a certain degree (»f lotation upon each 
other, analogous to the pi‘onalory and .su|»iMatory nioveinonts of 
the bones of the antibraclnuin, and the muscles of the leg jiresent 
coiTCSponding modifications. None of the analogous carnivorous, 
pedimanoiis, or rodent Placentais pn^sent this condition of the 
liiud leg. I*i the Kangaroo, the fjmtronnmii almost rival tliose of 
Man in the bulk of llie fleshy jiart. 

In the Das^urvH ituKr^run^ the jdantarU, instead of rising from 
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th(\l'ein»ir, has its fixed point in the fibula, from llie head to haU- 
wav do^j|n the bone, fleshy ; its tendon passes obUcjviely inward, 
anil glides ju^hind ihii iunef inalleoliis tf) its insertion in tlie plantiu- 
iaseijL so that it ridatcs the tilda inward Ijcsides extending the 
foot. Hie sofl‘us has an extensive o]*igIn iVoni tlie proxiina! to 
near the distal eiubd* the fibula. There arc, as usual, three deep- 
s(‘ated muscles at the back of tlie leg. Of these tlirec ilui 
niuscle hoinoli^gous with the tUnalU jjosfartis is readily recognised; 
its tendon glides lieliind the inner mallcnlus, and is inserted into 
the inner or tihial euneiforni hone. 

The inuscle whieh lias the relative* po.-ition and origins ot the 
/fr.cor po/liris, sends its tendon hy ihe usual route to the 

Stile of the foot, where it <11- 
vides and disli'ihutes a flexor 
tendon to all the toe,> cxee|>t 
tlie rudimental hallux; it has 
tlie same disposition in the 
Opossums, where the hinder 
lluinib or great toe is fully 
(lovelojH'd : for tliis inodilica- 
tioiK however, the C'oinjKira- 
tive Anatomist is already pro- 
juired hy meeting with such 
<.*.ommon <dliee of* I lie muscle 
in the first step from Man, 
viz. in the Oraug, ( iorilia, and 
Chimpanzee. 

The third deep-seated inns- /T 
do, heing situated internal to 
the two preceding ones, may 
bo the homologue of {hc /{(\ror 
diijiforfnn rommuiiis /(utf/us ; 
it nevertheless sends no teii- 
<lon to the toes nor even to 
the tarsus, but its fiiires 
jiass from the tibia ohli([uely 
outward and downward be- 
tween tlic preceding muscle 
and the interosseous ligament 
to the fibula, where they arc 

I . I .' , , ‘ ^ MnsOcs of r, 

exclusively inserted so as to 

oppose the plantaris and rotate ihe f(.u>t outwanl. This musele 
closely adheres to the inlen sseous laseii^, and thus rosemblos in its 
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attacliaients the pronator quadratus of the fore linih: it is 
developed in the pedimanoiis cliinhing Marsupials, vvljcrc the 
rotation of the foot is more irequent aiM extensive, ^ 

Fig, 5 shows this modification of tlie muscles of tlie lund-fotU in 
the P/mlavfffsta rulpina ; //, is the expanded tendon o!* the sariorius ; 
by f/rarilfs; c, sewifn/dinosus ; and //, scmlmf mhrnnosuH ; both these 
muscles are inserted, as in many other quadrupeds, low down the 
tibia: r, {/(/strornrnih/.i i J\ p/oNtarifi ; //, t!ie hoinologue of the 
Jicxor lo 7 ttiifS po/liris jwdis ; 7/, tihitilis jufsftras ; this inusele divhles 
and is inserted by two tendons, // and /i", into the internal ami 
middle euneirorm bones ; /, the rotator inusele of the tibia. 

In the muscles on the anterior part of llie leg, the rjfcnsor 
brevis dl//it(frntn has its origin extomled into this region, and is 
attached to the outside of the fibida. There are three prrojiri ; 
the external one is instu’tid into the proximal end ol‘ the fifth 
metatarsal: the tendon of the middle peroneus (*ross:es the sole in 
a groove of the euboid like the penmens longus: the internal 
peroneus is an extensor of the outer or liftli toe. The Prnunehs 
Utffotis^ among tlie saltatt>rial Marsupials, jiresenls a ditferent 
eoiidition of- the extensors of the foot irom that al)ove deseribed. 
Tlio f/rfstroc/irmH, .s/yA z/.v. and pin tff avis all arise above the k»uH‘- 
joint, and tlic tendon of tin; planiaris, ai'ter sheathing the temio 
Aeliillis and trav(‘rsing the long s(»h', is finally insorteil into the 
base of the metatarsal bone of the fourth or largt^st foe ; thus 
tills nuisrde, which is strongly developeil, bcnils both this toe and 
the knee, wlille it extends tlu! foot. 

In tlic Kangaroo the i1ex(»v of the toes ris<'s from the tmter 
(uheroslty ol* the tibia, its flcsby part (M»vers the l>aek of the leg 
beneath tlic solcus, tlie tendon passes to the sole and <Iivides into 
a large tendon for the principal toe, fig. 211, />, a s:inall(‘r tmidon 
for the outer toe, /•, and a still .smaller tendon whieh goes to the 
two slender inner toes. The nui.seh' v^eems to eornhine the horno- 
loguos f)f the Jlrxor hnlhicis Jiexor lUfjifornm^ with, perhaps, 
also that of tlio tlhi.nlls posiicus, 

§ 195. Musrhs df JJssrnrrjfhatff , — The Tifidentia closely re- 
semldc the, AlarsupiaFia in their innsenlar- system ; witji like 
modifications according to the absence or pia'seiu’c of c!avi«’les, 
and to th(^ gradatory, saltatory, scansorial, and fps.sorial inove- 
merit.s of the .species respectively. They have not the niarsnpial 
nnxlifications of the cremaster ami ahdominal muscles, nor the 
rotatory muscle of the tilfia; but certain IJodcnts sliow pccu- 
liaritieH of the mas.seter wjjich will be mzticed in connect ion witli 
the organs of rmistication.^ 
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VThe Imectwora afford examples of special muscular devclo))e- 
ment iif the fore part oftlv) and pectoral limbs of the Mole, 

fiijr. (i, and in the muschis which act upon the prickly skin of 
the IIcdji^ehojT, figs. 7 and 8. 

The dermal muscles are |)owerful and extensive in all Insec- 
tivora; in the Mole (Talpa tuinypaui')^ fig. (>, tlie insertion of 
one of thcBC is seen at a : it assists in retracting the trowcl-like 
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fore liniij ; and, Mhen tliis is the fixed point, draws forward the 
jadvis and thigh. The muscles of the scajuila arc singnhirly dc- 
veh>ped ami nuKlificd: the traj»eziu.s operates ujMUi the short base 
of the elongate bone with great advantage. Tlie anterior portion, 
realising from the occiput, derives further strength from the ossi- 
fied ‘ nuchal ligament,' and is inserted at c; the part answering to 
the {KKStcrior fibres of the muscle, /, arisiffe as far Injck as the 
lumbar vertebrie to be similarly inserted into the base of the sca- 
l»ula, antagonising the former. The ‘ splnthis rapitis,' //, derives 
fil)r<:^ from the* nuchal style, as well as from (jcrtain dorsal and 
cervical vertebra' : it is inserted into the [laroccipital region of the 
c^ranium. The stmto-wastouf, //, joined by a ‘ cleido-mastoid ’ 
fnjin the cubical clavicle, is a very powerful muscle wliicli expands 
to be inserted into tlve lateral part of tlie^suj)eroccij)itaI and fascia 
covering the mandibular angle. The deltoitl, /f, coextensive with 
VOL, nr. 
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the scapula, acts through its length with groat power iij)Oii i^ie 
well-developed humeral ridge. The ^ tj^ercs major/ /, commenciug 
at the thickenc<l base of the scapula, and deriving fibres fro^u the 
lower facet of that triedral bone, combines to be inserted into the 
humcnis with part of the latissimus dorsi, m ; a vstrip from which 
muscle is extended to the olecranon. The triceps, arising 
from l)oth scapula and luimerus, is extremely broad and thick, 
falling lor an extended olecramni for ade<[uato insertion. Part 
(»f the powerful llcxors of the hand {Jl, dlffiformn^ JL carpi 
nhiaris, r), and part; ol’ tlie extensors, arc shown in this view. 
The pectoralls consists of live thick tascicnli, four of which rise 
from the sternum, and one from the clavicle: they converge to l)c 
implanted into the great humeral ^crista pectoralis : ’ to these is 
added a lasciculus of wdiich tlic homologuo may he traced iti 
Cefareti and Uaffulafa^ passing transversely from one insertion of 
the po<‘tora1 to the other, and ser\ing to comhine both trotvels in 
vigorous i’ossorial action. Of tlio mnseles of flic jaws the ^ tem- 
poralis’ is sliown at />, and the ^ masseter ’ at c. 

The Hedgehog ( Eri/taccus) inanamvres its armour of si>ines by 
means of jiotvcrlidly deveIo[)cd and specially arranged cutaneous 
muscles. By putting any part of the integument on the stretch, 
tlie s])ines arc erccte<i, and their points held firm against tin? 
assailant : by tlie same act of slretchiTig the skin, the proportion 
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thereof to which tlie prickly armour is restrietci] can he drawn over 
the whole of the ex|)o.se(l snil’aee of the anitnal, tvhich in this act 
rolls ami squeezes itself into the shajie of a hall. In fig. 7, the 
Hedgehog is dissected as in the ordinary posture, or unrolled. 
The layer of lunsc-lc, «, o', consists of eonecntric fasciculi, 

thin over the middle of the hack, «, and becoming thicker 
toward tlu* periphery, ‘o', o', which is well defined. All the 
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(K)res arc (.*lo^?cly attachod to tlie and to tlic fibrous cap- 

sules <4* the I'ootf^ of tliCj spines. To the circuinlerence of ibis 
circ^ilar muscle are attaclied sliorter ones at rij:^lit unifies : a pair 
of tlj(‘.se, ayise from the caudal ^liapophyses, |)ass forward and 
expand to interbicnd witli the ))osterior pei-ipli(*iy : a second 
|>air, fh with attachments to the nasal and ])r<"rnaxillaiy bone>s, 
j)ass l);u*hward over tlu' forehead to the anteiior p( ripliery : a 
ihird pair, e, arising’ from the fore part of the sternum, pass for- 
wanl and outward, divi'rginj^, and ascendinn: in front ol* the 
shouIdtM’ to the antero-Iateral jiart of e. A musido, r‘, from iascia 
external to the mandibular an^le, ascends bet ween the audit<n‘y 
meatus and the eyeball, and eombines with d in operatinii; on the 
fore part of tlie ureat orbi<'ular nuisele. 

When the llcalgtdn)!^ assunus its oireiL-ivcdy defcnsivi* positi(»n 
it hends and retracts tlie head and ilraws forwai’d the ])elvis, 
cnrvinix the hack, as in Iiij:. 8: the converging slips />, c, r/,%\ 
pnll down the orbicular rmisele, wbieb relaxes to slip over the 
projecting parts: the |»enplieral part,//,^/', baving deseende(l ]»elow 
these, contracts, ainl encloses tlie bead, limbs, and J)«uly, in :ni 
(»rbieular form. In resuming tlie normal position the s|)bineter 
relaxes, the bead is rotated Ibrward, tlu? ptvlvis and tail are 
drawn liaek, the liml)vS begin 
to exteiKi themselves: the 
orbieularis, a\ is pushed 
up beyond the men<lian, 
ami then contraets, <lis])os- 
ing itself, after full exteu- 
siou of the parts beneath, 
u]M»n tlie dorsum of the 
animal, as in fig. 7. 8u- 

perfieial sheets of muscle, 
extending from tlie sbouhh r 
joint backward, .v, anti over 
the abdominal region, //, 
concur with tlic abovo*d<‘- 
scribed in the motions of 
rolling and unrolling the 
animal. One ftf the lateral 
muscles of the snout is 
shown at //«, the masseter OrbkularisdemalmuadoJIcasehoKjyf vnirol^ 
at c. 

In the order Brntn tlie most notable inodifieatitms of the nius- 
enlar system are mot with in the Antoatt'rs. 
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On reflecting the skin from tlie under part of the head /(tn 
Alyrmccop/im/a Jufjota, there js seen feeble developenifint of a 
panniculii.s <*arriosuis in the form of tliiii transvei-is<ifc fasciculi 
occurring at intervals of from two to thi’ce iu(*h^‘s, where they 
underlie the rami of the slender elongated under-jaw. These 
muscular strips (^/cr//a)/////f//T.v) have their attachments exclusively 
in the intt*gumcnt, ami aid in accmmmxhiting its .movements to 
the alternating expansion ami contraction of the great gnlar dila- 
tation near the base (d* tlje temgne. The transverse fasciculi 
are (‘rossed by a longitudinal strip of cutaneous muselc {dvnno- 
labialis postirtts) on each side of the under ]>art of the head a!ul 
neck; the sTri]> (‘merges tVtun hmieath the fori^ part of the great 
sul)j)eetoral gland; it diminishes in V)reailth and increases in 
thickness as it extends forward, assuming near the month the 
(‘haracter of a inusvle imh‘pemlent of the skin, where, |>asslng 
Ihmeath the tendon of the rrfn/ctor aiujuVi orh^ it is insert(‘d into, 
or blonds with^ the tibves of an accessory portion of the or///- 
cidtiris orh, 

A .shortc^r longitudinal nniscnlar stiip Uh rnndjdyioUs nvfirus) 
arises from the integiummt l)elow the fbn^ part: ol‘ the preceding 
muscle, l)ocoines ;free as it advances, ami is inserted into the 
jiroper orlncu laris oris. 

The flattened and slightly separated fasciculi of the dermo- 
ahilominalift arise from tlie fas(*ia cov(.‘ring the antiirior and in- 
terior |»art of tlie sternum ami contiguous sternal ribs; also from 
a median raphe of the subeutanemis fascia, attached to the lim a 
alba, and extending two-thirds (»f the way towards the pubis. 
The anterior two-thirds of the ab<»ve muscular sheet are joined 
by a liroad layer of similar flattene(l fasciculi covering the side of 
tlic thorax, and the muscle so formed passes oblujiiely downward 
^and outward, converging to fnrm a thick fleshy band, about two 
inches broad, winch is continued along the inner and iijijier part 
of the thigh, and beconu^s slightly twisted prior to its attachment 
to the aponeurosis covering the knee-joint. 

The jiostt'rior poijion of lluj dvruw-nldominnlln (consists of 
thinner and more scattered flattened fasidculi which pass outward 
and downward, and, as they diverge from the median line, are 
lost in the subcutaneous fascia cov(‘ring the tendinous exjiansion 
of the ohliquus extf‘rnus nhdornmh. Between the dermo'-ahdoini’- 
nalia and the firoper alidomlnal muscles there is a moderately 
thick layer of elastic cellular tissue. 

In the dissection of tlio head of the Great Anteatcr, three pairs 
of long and slender iniflsclcs are nuit with, which relate t(j the 
inovements of the head. 
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\The sternocvrvicalis arises from the upper and outer angle of 
the iiKynihrlum sterni, elose to the inner (mesial) side of the 
sternoma\illans, by a th!n tendon, whicli soon Iiecoinos fleshy, 
and the slender niusele gra<Uially contracts to be inserted into the 
fourth cervical vertebra. 

The stcrnomnstaificus arises from the outer angle of the manu- 
brium sterni, by a tendon which, at one inch from its origin, 
becomes a fleshy flat muscle; this gradually increases in thickness 
to a rounded tV)rm, then contracts, and forms a tendon inserted 
into the paroc<‘ij)ilal. 

The stvraomnxUlaris arises from the Inner side, near the up))er 
and outer angle of the manubrium sterni, and from the manuljrial 
fascia, central of the elavicidar 1‘ascia, and of the origins of the 
sternomastoideus ami sternocervicalis. Its origin is by a flat 
short teiuhm : an aponeurosis passes from one tendon to that of 
the fellow muscle. The fli'shy part Ibrms a long slender baml, 
which passes forward, and, about four inches from its origin, sends 
oifa slender fleshy strij) to the (*eratoliyoideus. It then advances 
as a slender round fleshy nuis(‘!o, wJiich degenerates into a sub- 
compressed tendon about ball* an inch in length, f)j)])Osite the 
fOin]irciisov sallraris, JJesnming its flesliy structure, it forms an 
anterior sul)com[)n\<sed belly, ten inchcvS in length, and from four 
to five lines in dianufter, 'fhis gradually contracts, and terminates 
in a slender tendon three inches long, which (*xpaiuls to be in- 
serted into the outer and under part of the maxillary ramus, six 
inches in advauec of the angle of the jaw. 

To the action oi' the pair ()f muscles so Inserted is mainly due 
that characteristic uanemeut of the head of the Great Autcaler 
wIkmi it composes itself to slee|), and draws its head downward 
and l)aekwanl between the fori'-limbs, in eontaet witli the chest, 
'file mouth is small, an<l su.M'eptible of so slight an opening as 
not to rcciuire for that a<‘tion the usual modification of tins part 
of the sierno-cleido-mastoideus muscle. 

The proper luuseles of the jaws (^piisist i»f the tem]K)raHs, the 
inassiiter, and the pterygoidei. '^fhe chief peculiarities of the 
muscles in the pres(Uit spoimss relate to the unusual <h;velo|)emeut 
and moveanents of the tongue. Tin* ;//;///;// is of unusual 
extent, and is divisible into different portions: two of these 
represent the normal mylohyoideus, and extend from the sym- 
jdiysis mandibular backward as far as the ascending ramus of the 
jaw. A third porti<»u arises fleshy fVom the inner side of that 
ramus, whimee its fasciculi radiate toward the middle line, in a 
somewhat twisted course, the anterior, ones passing beneath the 
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scco!ul or uonnal part ot‘ tlic mylonyouleua. Hio fourth portio n 
at its anterior |>.art arises from the angle of the juAv, tluyi from 
the base of the ci-auium, ami afterward from a string fascia 
extended thence hmdvward, between the post-cranial prolon- 
gations of the nose and mouth ; the posterior and longest fasci- 
culi ooinc off more out\vardIy, and radiate to sjiread over and 
blend with the gidar fasciculi of the sternoglossi, passing out- 
ward and downward, and tlien bending inward to envelope 
that part of tlie hyoid aj>|)aratus. AH the fibres of the fourth 
|)ortion terminate in a median raphe, which is less marked than 
in the anterinr portion. The fibres of the posterior division of 
the mylohyoidous, especially tlu>se Avhich are attached to the 
under surface of tlie posteriorly jirolongenl nasal canal, form a 
kind of mnseiilar sheath for the basal part of the muscles of the 
tongue. 

^/riic arises from tlie eerato-hyal ; its fibre's 

converge and form a fasciculus whicdi ivS inserted into the conirnis- 
sural tendon of the gciiio-hyoid, and is connected with a strip 
from the stf^rnoninrUlftris. After giving attachment to the fore- 
going two muscles, and to the anterior constrict4)r of the pharynx, 
Its cxiremity attached to the aff/h-hf/tndftfs muscle. 

In most mammals tlie liyoid arch, liy the lengtii of the ossified 
pari of tlie stvlohyal and the extent of tlie ossification of the 
<*eratoliyal is ahiHASt rcstri(*tcd to hinge-movements forw\ard ami 
backward upon tiic proximal joints of the stylohyals as a fixcti 
[Miint; s(» that the basihyal witli the tongue cannot be very far 
l>rotriuh*d <»r retracted. In the i^Iffrnn'roplunja jyfmta ihv. usual 
place of the stylolival is ocimpied by a long and slender muscle, 
the st///o/ft/oit/rf/s, which ari>e> from the petromastoid, and after a 
course of five imdies is inserti'd into tlie ceratoliyal, here the first 
bone of the hyoiil arcli. Supp<»sing tlie stvIohy4>idciis to contract 
Viue-thii-d of its length, it would protract tlie hyoid ar<*h to the 
same extent: in which act it combines with the geniohyoideus. 
The retraction of the hyoi<^ arch is [provided for by the sterno- 
thyroi<lic ami their continuati<ms, the thyrohyoidci. 

Tln^ f/rniq/u/(*n/rff.s arises by a single tendon from the symphysis 
of the jaw% runs back beiujath the raphe of tlie anterior rnylo- 
hyoideus, slightly exf»ands beneath the raphe of the middle 
mylohyoideus, tlnai again contracts and again expands, and at 
about ten inches from its origin becomes diffused into fleshy 
fibres, which gradually aerpiire a breadth of six lines, continue 
back in close connection svitli the mylohyoideus to the coinitiissiiral 
tendon, and there exparul, the lateral borders being attached 
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tl^reto. ffere a mid-Hno of separation 
appears, and the inusclo bifureates into 
two flat %scicuH, which hre inserted 
into the angles of the basihyal. 

The stemothyroidci^ fig. 9, p, p, 
come off from the sixth, seventli, and 
eighth sternal bones, and from the 
seventh and eighth sternal ribs near 
tlieir articulations therewith. Tlie in- 
terthoraoic extent of tliesc muscles is 
six inches. Behind the manubrium 
the left muscle sends off a small fasci- 
culus of fibres to the right one, and 
tlie right reciprocally to the left. 
AV'hei'e the decussation takes place 
there is a tendinous intersection at the 
fore j)art of the muscle. In advance 
of the interchange of faselculi the stcr- 
nothvroidei diverge and emerge from 
the chest, beyond wliicJi (’avity they 
are fleshy tbroughout their extent, ami 
are inserted into the lower and lore 
|>art of the thyroid cartilage. 

Sterrfor/Umusy ib. y, /. 'fliis remark- 
able muscle arises Hesliy from the. 
lateral border of tlic dilated xipboiil 
and last sternal biHic, and from its 
junction with the last two true rihs. 
Innear tendinous intersections mark 
the part of the muscle within the chest, 
liinerging from beneath the manu- 
brium, it advant^os as a flat fleshy iniis- 
'de. Opposite the hyoid it is perforated 
hy a lingual artery, betweem four ar^d 
five inches in advance it is |)erforateil 
by the lingual nerve, //, and here its in- 
ferior stratum is resolved into flattened 
fasciculi of fil^ros which decussate or 
combine with those of the opposite 
muscle. About six inches in advance 
of the basihyal these fasciculi S|»rcad 
over a dilated membranous ]H)rtiou 
of the buccal cavity, at the lower part^ 
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of wkich the base of the loiiguc is situatcfl, and liorc they eo^’W 
verire and blend with corresponding flattened fascieuli, ^ent off 
from the lower |)art; of the genioglossi,*as these pass In^ckward to 
the base of the tongue. The main eontinuation of the sterno- 
glossus, /, forms a rounded slender muscle, which rais<!s the buccal 
lucnibrane so as to torm the buck jiart of (he fnenuin lingiue, 
2ienetrates the lautk j>art ot the base of the tongue, and constitutes 
ti great 2>ro|)ortion of its sul)stance. 

The i/enwfflo.'isits, ib. m, n, o, has a complex origin, hy a middle 
portion, from the short symphysis mandihuhe, and hy^ a flattened 
penniform series of fibres, form the lower border of the mandi- 
hulur rami for the extent of four inches behind the symphysis, 
l-he sym|)hysial origin is round and slender, aJid belongs more 
directly to the pro|)cr tongue-muscle : the ramal origins seem to b(? 
the more s])ecial fixed jKtint of the suhgulur laseieuli. The fil^rcs 
the lutfoi' origin jiass obli(|uely baekwai’d and iinvard, con- 
verging to a middle raplus to which the symjihysial origin closely 
adheres. The two origins of the imisele are blended into om^ 
for about three inches beyond the point of uUaclimeut, in which 
(extent the niuiselo forms a modci’atcly thick dejwessed m:is.s along 
the niitldle of the under jtart of the mouth. It then begins to 
exjjaiul, and to detach from its under surlace those subgular 
laseieuli, which diverge and unite with the eorres|)oiuling dis- 
memhermenls of the sleruoghtssi. 1 'he main part of the genio- 
glossus enters, as a single mu<ele, the fore part of the ba-se of the 
tongue, carrying into the tlom- of tin? mouth a fold of hueeal 
membrane forming the fore part of the fiiciium lingiue. 

Beneath the insertions ol the geniohyoidei, a pair of more slender 
museles, citihytujiosxl, come off from tlie median ends of flu* 
epthyals. These muscles, alter a brief course, expand into a lliiii 
lav'cr, resolve themselves into sejiarute fasciculi, and combine an 
inch in advance of their itrigin to form a layer about eight lines 
in breadth below tlie middle lim; of the post-lingual jiart of the 
mouth, which layer .slightly diminishes in size as it ap|)roache.s 
the commi.ssure of the .sti rnoglossi, and, with them, jienetrates 
the hack jiart of the fr:(:niim lingiue. 

§ 196. Musrlen of ivtnixa. — In dm ('cfarvo tiio, museles of 
the trunk are chiefly developwl: tho-se of the limhj are rcstrieted 
to the pectoral (>air. Swimming is the jirineijial imxle of jirogres- 
.siou in the muticatc orders of Gi/rnirrphala : hut the phytophagous 
Sirenia have the power, iu order to feed miou mariue or littoral 
plants, of crawling at the bottom of the sea and shuffling alouji 
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tli^ shore by means or aid of their anterior meinbcrs, which in tlie 
true Cetacea are exclusively natatory organs. 

The Iieavl, in tliesc, lias so little luobililyj that its axis can be 
l)iit sliglitly altered, without that of the body altering also. With 
hones so sliort, so litth* mobile, an<l extensively eo-ada|»ted or 
amtliyloseal, as the vertebrae oi* the neck, nuis(;le.s proportionately 
reduced should eorj*e.sj)Ond. The (‘(‘rvical imiscles are, neverthe- 
less, much the same in number as in other Mammals; but their 
shortness and thinness, principally in those attached to the atlas 
and the axis, arc extreme. The hoinologuo of tlie ^splenius 
capitis,’ fig. 10, h, is the best developed: it comes olF from the 
anterior dorsal and cervii^al series of neural spines, and its fibres 
converge to he inserted into the i>arocci|»ital ridge. 

The muscles <»f the hack present no other imjan-tant modifica- 
litms than their great develojiement, especially where they are 
prohmged upon the caudal vertebra*. Thus the loiff/isslmns doni 
and th<‘ sarro-lumhatis arc attached anteriorly to the skull, and 
posteriorly transjnit their tendons, the first t<» the end of the tail, 
the? second to all the transverse processesof tliis part of the spine, 
associating its movements, especially in the \ crtical diit*ction, with 
those of the hack. The /erttfor raud(V takes its rise above the five 
or six dorsal vert<^l)ra‘, under the loiff/iinslmus dorsi^ and oft(?n in 
this ]>art hlends with it ; it then extends (Ve<‘Iy as far as the ex- 
Ireinity of the* tail, wliere the twt> musedes unitc'Jogethor again by 
their tendons. They are opposed l>y a drprrsstfr (innUc^ of great 
thickness, whicli [iiocccds Iroin tlie thonicic region, attaclied by 
tendinous slips to the riihs and the eomiguons transverse processes : 
it is inserted into the Inemal arches the tail. A muscle ])asses 
from the rudimental Imhics of the |K’lvis to tin* haMuapo|)liyses of 
tlie anterior portion o\’ the tail. Tin* gri^at mil abdominis and 
ohlifjui ascrvdt'Hfi's musel(*s are continuetl backward (Vom the ah- 
iloincn, and attach themselves heliind to the sides ol* tlie anterhir' 
laiudal vertebra;. I>y this :iggregation of imis(*les the tail of the 
('etac.ea expands to [iroportions of tl^e trunk, and acquires the 
prodigious strength which it possesses for propelling the most 
gigantic of the species, with ease and swiftness, tiu’ough the 
water; and, by means (>f the horizontal exiiansion ivf the caudal 
fin, it enables them to readily ascend to the surface to respire and 
again seek protection in the docj) abysses of the ocean. 

In the great pectoral muscle, part of whu*h is showMi in fig. 10, 
at y, the costal origin is cxtcMsive, ami the jiortioii which comes 
otr from the short sternum, passing tniiisversoly each to its own 
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humerus, closely resembles the transverse connecting fasclcylus 
in the Mole. < 

The muscle answering to ^ levator' scapulaj,’ 6, rises froip the 
paroccipital, as well as from the ccrviiral diapophyscs : it ex- 
pands to be inserted into the fore and upper angle of the scapula 

10 



of JHTl.ir.'il Ufi, 

and the fascia covering the ‘ infra.s|»ii)atu.s it is .a protractor, or 
forward rotator, of tlic scapula. Tlic ‘ rhoinhoidcu.s,’ «, is the 
raiser of the l)la<lc-bone. Two strong mus(.‘lea attached to the 
pan»ccipital and mastoid, pass, one, c, to the sternum (sterno- 
mastoideus), the other to the luimeral tuberosity (sterno-liume- 
. ralis). The ‘ latissimus dorsi,’/, is short and slender, coming off 
by a few digitations from the ribs, and inserted into the humerus 
and by an extended a[»oneurosi.s into tlie olecranon. The ‘.supra- 
spinatiis ’ is small : it is coVer(;d by tlic ‘ deltoid,’ i. The ‘ infra- 
spinatus,’ c, is a broad and thin sheet of miisele. Behind it is a 
‘ teres major,’ A, also of broad and flat I'orm ; and a thick and 
narrow ‘ teres minor,’ /. The ‘serratus magnus’ does not extend 
foi^vard Iicyond the ribs of tlie dorsal vertehne. 

In the U ngiilatc .scries the muscular .system has been traced 
out in both Perisso- and Artio-dactylc species, hut most com- 
pletely in the Horse, figs. 1 1 l.t. In thi,s sensitive quadruped tlie 
dei-mal muscles are well- developed, enabling it to shake the 
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skin, rattling the harness which may be attached thereto, 
aiKrto \ibrate particular portions on wliicli an insect or other 
irritai^t mav have alightcMl,* 'j''his ^ panniculiis carnosus ’ is thick 
upon the neck, whence it passes (Ipwiivvard, l)econiing ‘ aponeu- 
rotic’ upon the fore-limb: the sheets upon the sides and fore 
part of the trunk send a flat tendon to be inserted, with that 
of the latissinuis dorsi, into the humerus : and oilier fasciculi 
|)ass downward over the muscles of the antibrachium, and 
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iiiu8cles of the trunk aiul limbs are exposed, as in the side yijpw, 

lig; 11. 

The ‘ spinalis dorsi ' repeats closely the charaotors of^that ijiiuselo 
in Man. Its continuation, the ‘ spinalis cervieis/ is in the Horse 
of great strength and importance : its origin eoinnieiices from the 
second dorsal sjnne, ^vhicll origin is eontiiiued for about; one-tliird 
of tito way down that spine toward its root : it arises likewise IVoin 
the tliird dorsal spine and the ligamentum nmdue ; from these 
origins it runs forward to be implantcMl by strong and distinct ten- 
dons into the spines of the anterior cervical vertebne. 

'riie * longissimiis dorsi ' is situated immediately external to the 
spinalis, taking its origin from the <N)mmon mass of muscle that 
arises beneath the lum!»ar faseia, as well as from the sjanous jiro- 
cesses of the loins and sa<'rum, whence it runs forward to he in- 
serted by a double set of tendons into the transverse processes of 
^the loins and back, and also into the [KKsterior ribs near their angles. 
Its coiitinuation, the transversalis colli,' consistsof very ]>owerful 
fasciculi, insert oil respectively into the diapophysial parts ol’ the 
last five cervical vertehne. 

TJie ‘ saVro-lunibalis ’ arises, in conjunction with tlie latissiiuus 
dorsi, from the back of tlie sacrum, aud also by flat tendons from 
all the rihs, except two or three of the most anterior ; and its slij»s 
are inserted by as many distinct tendons into the inferior eilge of 
ail the ribs, except two or three of the hindmost, and also into the 
transverse ])r<»cess of tlie seventh cervical verti*.bra. The continua- 
tion of tliis muscle, the ‘ cervicalis ascendens,’ is chi<;fly remark- 
able for the strengtli of its tendinous insertions into the middle 
vertebric of the neck. 

The ‘miiltifidus .s])iine/ in the dorsal region, arises hy numerous 
tendons from the metapophvses f>f the samal, liimhar, and dorsal 
vertehra;; each slip running forward to be inserted into the neural 
spine of the vertebra in front of that from wliieh it derives its 
origin, the wliole forming a thick mass, wliicli fills up the hollow 
situated between tlu^ s|)iiious aud transverse processes, in the 
neck a similar disjiositiou exists. 

]>esi<le.s the ‘ intert ransversarii colli,’ there is a series of muscles 
arising from the pre/yga[)Ophyses of the first dorsal and five last 
cervical vertebra?, and inserted, severally, into the side of the 
centrum in advance : they are called by Stubbs ‘ intcrvertebrales.‘‘ 
The ‘ longus colli’ arises from the transverse processes of the 
third, fimrtii, fifth, and sixth vertebra? of the neck, from which 
origins it runs upward to be inserted by distinct toudons into the 

* II •. 
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niit^rior part of the bodies and transverse processes of tlic vertcbric 
above them, and into the anterior surface of tin; atlas. 

T\ic muscles wl\ich raise or straighten the tail are th<i 
fulhnving: — 

The ‘ saero-coccygeus sujicrior ■ arises from tlic third and suc- 
ceeding s.a era I spines, and from those of the anterior caudal vertelme. 
The fleshy mass formed from these or1gIi)s gives off numerous 
slender tendons : the first of these is the shortest, and runs inward 
to bo inserted into tlic bas(! of tlic first caudal vertebra, in which 
the articular apopliyscs arc wanting. The second tendon is in- 
serted in a similar nuumer into the succeeding vertehra ; the third 
into the next, and so on to the end of the tail. Ka(*h teruh)!! is 
lodged in a sort of ligamentous canal, Avhieh forms a sheath for it 
thn)iigliout its whole course. When these two muscles act in 
concert the tail is raised. 

1'hc ‘ interspimdos su)»criores ’ form a continuation of the intcKr: 
spinous series of vertebral muscles ; but as the spinous processes 
of the tail are sliort, and soon rejdaced hy tal)ereular rudiments of 
the nevn*a])ophysos, these muscles are here disposed obliquely, l)cing 
more widely se|>arateil posteriorly than they are in frd'nt. 

Tlic muscles which di^press the tail all take their origin in the 
interitn* of the pelvis, and are prolonged to a greater or less extent 
along the inferior aspect of the tail. They form four pairs of 
series of inus(dos, called the ^ ileo-eoceygei,’ and ‘ saero-eoceygei 
inferioros;’ the latter arc the more direct antagonists of the sacro- 
eoccygel sujieriores, and their tendons are received into slicatlis 
rc.seml>Hng those upon the upper surface of the tail, and are 
inserted successively into the base of each caudal vertebra, begin- 
ning about the seventh. 

'I’he muscles ada))ted to move the tail laterally are arranged in 
two sets ; the ‘ ischio-c.’oeeygei externi,’ a few fibres of which, in 
the Ilorso, arc connected with the termination of the rectum and 
the ^ intertransvcrsales.’ 

The muscles derived from the vertebral column which serve im- 
nuMliately for the movements of the cranium have nearly the same 
origins as in the human subject, but arc comparatively of much 
greater strength, owing to the inclined position of the liead with 
respect to that column. Tlu'y may be divided into such as j)ro- 
ee(Ml, 1st, from the atlas ; 2u(i, from the axis ; and, 3rd, from tlie 
|)osterior cervical vertebra? and ligament um nuelue. To the first 
Hct belong 

The " rectus posticus minor,’ ‘ rectus anticus,’ ‘ rectus lateralis,’ 
and ‘ohiiqnus superior.’ 
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The muscles derived Iroin tlje axis arc the ^rcetiis posticus 
major ’ aud the ‘ obli([uiis inferior/ 

Tlie ‘ comploxus ’ coiiimences irom the i)rezygapopkyses the 
iliird cervical vertebra, continues its origin from all those of 
the neck below that j)oint, as well as I'rom those of the first 
dorsal: also by a strong tendon from tiie transverse processes 
of the second and third dorsal vertebrie: from lliese origins it 
runs forward tv) 1)0 inserted l)y a strong round tendon ijito the 
supcr-occipitid close to its tellow of the opposite side : in this course 
it is connected by numerous tendinous j>rucesscs with theligainen- 
tmn niiclue. 

The ‘ trachelo-mastoideus ’ arises from ilie ol)lique processes of 
the tliird, fourtlu fiftli, sixth, and seventh cervical and first dorsal 
vertebne, aiid from the transverse processes of the second and 
third vortebi'ie of tlic back ; it runs forward external to the last- 
jjientioncd imiscles to be inserted by a strong tendon into the 
paroccipital. The aliove muscles arc overlapped by the ‘ splenius 
oajiitis/ winch, arising by strong tendinous processes from tlu 3 
spinous processes of the two superior dorsal Jind two last corvicail, 
and also extonsivcly from the ligamcntnin micha\ runs forward to 
l,)e inserted into the transverse processes of the (iftli, fourth, and 
third cervical vertobne, and into the transverse ridge of the super- 
occipital. 

The muscles of the ribs and sternum jircsent, in the Horse, a 
disp«)silion little ditferiiig from tliat of the corresjKjndiiig muscles 
in Man: they are the ‘ scaleni/ the ‘ intcrcostals/ the ‘Icvatorcs 
eostanim,' the ‘ serratus iKistieus/ f/, and ‘ serratus anlicns/ /, and 
the ‘ triangularis sterni/ the two latter ol’ which must be regarded 
as depressors of the ribs, and consequently acting tlie part oi‘ 
muscles t>f exj»irution. 

The walls of the abdomen are composed of five j)airs of muscles, 
•to whicli tlie same names are apj)Iical)le as are bestowed upon 
them by the aritliroj)otomist ; but the rectus abdoiniuis is much 
more extensively developed. Arising from the os pubis, it piu^scs 
forward enclosed in its usual sheath to l»e inscrtcal iVito the ensi- 
forin cartilage an<l into the cartilaginous terminations of the 
third, fourth, fifth, sixth, seventh, eiglitli, and ninth ribs, and 
also into ihc sternum between the curtilages of the third aud 
fourth r:bs. There arc even fleshy fibres derived from this 
muscle prolonged as far forward as the articulation between the 
first rib and the sternum. 

Muades of the anterior extremity. Tlie ^ trapezius ’ consists 
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of\jiat part only which is called the asccutUng portion in tlic 
human subject, and which is inserted into the posterior margin 
of th« sj)ii»e of the scapula, * The ‘ stenio-rnastoid ’ is present, 
but the ‘ levatpr anguli sca[»ula;/ the cleido-mastoid, and the 
clavicular portions of the trapezius and deltoid are all replaced 
by the muscular exj)ansiou which, taking its origin from the par- 
occipital and from the transverse processes of some of the superior 
cervical vertebrte, passes downward in front of the head of the 
liinncrus and descends along the inner surface of the fore-arm, 
into which it is ultimately inserted. 

The ^ trachelo-acrornialis ’ arises from the transverse process of 
the atlas and of the four following cervical vertcbrie, desi^ends toward 
the shoulder-joint, making its a])pearance externally between the 
two divisions of the trapezius, which it separates ; it then spreads 
out over the acromial pm-tion of the scapula, and descends as far 
as the middle of the humerus. This muscle draws the shouldc’’-. 
upward and forward in the Tapir, and is iinj>lantcd into the 
aponeurosis which covers the deltoid: Avhile, in the Horse, it 
has its insertion into tlie middle portion of the humerus by 
two aponeurotic tendons, which embrace the brachialis internus 
muscle. 

The seiTatus major antiems ’ arises from the transverse iwo- 
cesses of the thiid, I'ourth, fifth, and sixth cervical vertelirte, and 
also from the external surfaces of the six su])erior ribs: its origins 
extending as far backward as the insertion of the tendons of the 
sacro-lumbalis ; from this extensive origin it passes backward 
around the chest to be ini|)lantc(l into tbe base of the scapula, its 
insertion occuj^ving mairly half of the internal surface of that 
binic. It forms, with its fellow on the op[)osite side, a kind of 
sling, by wliicli the trunk is suspended. 

Tlie ‘ jicctoralis minor ’ is represented by a muscle, which, arising 
from the stermim and from the first, second, third, and fourth' 
riliri near their sternal t(‘rmlnatii)ns, runs upward and liaek ward to 
he inserted into the superior costa of the scapula near the base 
of that bone; it also contracts tendinous attachments with the 
aponeurotic covering of the teres minor and other scapular 
muscles. 

The ^rhomboldeus’ arises entirely from the ligamcntiim miclue, 
and from the spines of the anterior dorsal vcrtcbrie, whence it 
runs outwanl to be affixed to the base of the scapula. 

'i'he ‘ omo-hyoideus ’ is represented by a strong muscular fasci- 
culus, from the coraciful tubercle. 
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The ^ ?terno-iiiast;okleus,’ or stcnio-maxilLarisi?, arises from the 
anterior end of tlio steviumi, aiuh ninning forwanl strong and 
flesh)", is inserted by a flat tendon into the inferior n.axilla 

underneath the parotid 
gland, sending, however, 
anedher tendon to be iin- 
])Iaiited into the root of 
the paroccij)ital. 

iVIiiscJes inserted into 
the huinenis. 

Tlic ^ pectoralis major,’ 
from the aponeurosis <»f 
the external ol)lif(ue, from 
the two hinder thirds of* 
the stermiin ; and from 
the fore part of* the ster- 
niiiu. The first of these 
]>ortion.s winds round to 
be inserted into the head 
of the hmnerus; the 
seeond ends in a fascia, 
which descends over the 
Ibre-ann, while the third, 
running in a transverse 
direct H)i I over the inferior 
portion, is inserted into 
the humerus along with 
I be ‘ levator liiimeri ])ro- 
prius’ Ijctween the biceps * 
ami the brachialis iriter- 
mis : a part of the sternal 
))ortion Joins the ei>rre- 
sponding portion of tliC c»pposito. side to form the ‘ niuseli^ 
common to both arms/ by the action of which the two fore-legs 
arc made to cross eacli tdlicr. 

The Vliitissimus dorsi’is poAVcrfullv assisted in its action by 
the cutaneous muscle already deseribed, a strong tendon from 
which is iuserted into the humerus along with tluit (»f the latis- 
simus dorsi. Both are intiiiiat(dy connected with the tendon of 
the teres major, and from tliis combination of tendons arises one 
of the heads of the triccfjs extensor cubiti. 

The/ .supra.s|)i flatus/ tlip M’nfraspinatus/ the ‘ subscapularis,’ 
the * teres major,’ ajid the ‘ teres minor/ with similar attachments, 
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ill tlieir proportions from those in the liiiinaii subject, 
tlcpenilcnt u]K)n the shajjo (^f the scajiula. 

Tint ^ dell Old’ ext ends forward in nearly the same direction as 
the infraspinatus, and lias been named by hippotoinists the 
‘ abductor lonpjns braeliii.’ The ^ eoracui-braebialis ’ takes its 
orii^iii from the tubercular reinnaut of the coracoid situated 
upon tlie sujierior costa of tlic scapula: tlic biceps luis but 
one origin, with whieh the coraco-brachiulis is in no way con- 
nected. The ‘ brachialis internns,' tijr. 12, /r, has the same 
arranj^ement as in the human subject: it is the ‘ short flexor of 
the fore-arm.’ Tlic ‘triceps extensor euliitl,’ Mo;. 1 1 , c, consists 
of three portions similar to those named in the human anatomy 
the long extensor, tlui sluu’t extensor, and the. l>ra(‘hialis ex- 
lernus: there is also a fourth ])ortiori, derived from the common 
t(*ndon of the latissimns dorsi and teres major, by the inter- 
vention i»f which it takes its origin from the inferior margin of 
the scajinla. 

As might b(* expectetl from the construction of the Ixmos of the 
forearm, botli tlie jironalor and sn]anator mnsclcs arc Nvanting. 
The ‘ extensor lairpi radialis.’ Mg. I I, a, h, is here singde, arising 
iVom the anterior part of the external <*ondyle of the humerus, 
and from tlie external suiTaca' of that bone for a considerable 
distance: it forms a strong lleshy liolly, t<*nniiiating in a powerful 
tendon, wbieh runs to l»e inserted info the liase of the anterior 
snriace of the metacarpal. This muscle seems, from the extent 
of its oiigiri, to represent the long supinator imd the two radial 
j’xtensors <»f the wrist eoml lined, ami all three thus eo-operate in 
the extcnsitin of tin* wrist. There is but one ‘llexov carpi radialis,’ 
Mg. 12,//; it arisi's from the external eondylo of the Imnierns, 
and is inserted Into the iiostcrior surface of tlie base of the 
metacarpal, foniung the antagoni^t to the ])reeediug muscle. 
The Mexor carpi uluaris’ arises from the |K)sterior jiart of the 
( xtiM ual protuberance of the os humeri, aiul also by a distlnet 
le ad from tin* prolulierama* situated above the internal eondyle: 
it.-i temlon is inserted into tin? pisiform bone and into the base of 
th(* rudimentary metacarpal beneath it. Tlui *' extensor carpi 
ulnaris’ arises from the iiosterlur part of tlie external eondyle 
of the humerus, and is inserted, like the preceding, into the os 
]»isiforine, whence it is jirolonged beneath the carpus, so as to 
]jerfonn the office of a flexor of the wrivSt, The * extensor eom- 
munis digitonirn,’ lig. 11, k, arises from the external condyle 
ol the liuinerus ami from the contiguous fascia, also from 

VOL. III. i) • 
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the upper aiul lateral part of the radius ; its fleshy holly is* 
strong, and terminates in a single tijndon, uhieli runs over the 
foot to be inserted into the last phalanx, having- j)re\7.ously 


\:\ * 
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given off a nlip to join the tcmJou of the extensor nnniinl 
digiti. 

Xhc ‘ extensor proprius minimi digiti ’ is represented by two 
muscles: one of these, <cal led the ‘extensor of the pastern,’ fig. 
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11, is inserted by the intervention of a strong tendon into 
t lie side of the first phalan?4 of the functional toe. The second 
nuiscll‘, placed between tlic above and the jireeeding muscle, 
furnishes a simihir tendon, which, after passing in front of the 
carpus, becomes united at an acute angle with tliat of the former, 
the two eo-operating with each other in extending the foot. The 
london of the ‘ abductor longus pollicis " is Implanted into the 
internal surface of the base of the metacarpal, so that it thus 
becomes an extensor of the foot: it is the ^ obli(|ue extensor of 
th(i cannon’ in llippotomy. TIh‘ ‘ Ilexor digitorum suhlimis 
pcrforahis ' and the ‘ flexor pndVindus perforans ’ arise in com- 
mon IVom the internal protul)(a*an(‘e of the os humeri, and the 
two arc c(»ni(Minxled togethor for a considcrabli> distance, when 
the two muscles separate to form two distinct tendons; of these, 
that belonging to the flexor sublimis, fig. 12, /,;//, runs beneath 
the annular ligaments of the carpus, to be inserte<l into the base 
of the i)n»ximal jihalanx, prev iously dividing to give passage to 
the tendon of the prolundus, /, on its way to be implanted into 
the last jihahmx. 

'fhe following are tlie |>rincipal ligaments of the fore-limb, 
fig. 13 ; tbc ‘ posl-scapuiar,’ c, the " prescapular,’ which extend 
the liase of attachment of scajiiilar muscles ; /y, the ligamentous 
l)and strengtheuing the fore jiart of the capsule of the shoulder- 
joint ; A, similar ligaments strengthening tlie capsule of the 
elbow-joint; c, e, internal lateral ligaments of the successive 
j<»ints ; //, ‘ [lisdbrm ’ ligament ; c, ligament from the inner 
splint-bone (metacarpal n) to the >sesamoid behind the metacarpo- 
phalangial joint; e, ‘ outer cartilage of the hooi*;’ //, inner cartilage 
(»f tlie liov)f. 

Muscles of the hind-limb. The ect(^uteus is a comparatively 
slender muscle, deriving its princip^'^origin from the sacral 
fascia, hut also rcinibn’ed by a long slender fasciculus, which 
descends immediately from the upper portion of the ilium. Ifls 
insertion is into the third trochanter and external rough surface 
at tiu* upper part of tin? thigh hone, and also by strong tendinous 
aponeuroses into the fascia lata. 

The ‘ mesogluteus,’ fig. 11, t', is the prlncijial muscle in this 
region ; it avii^es extensively From the sacro-iliac aponeurosis, and 
from the external surface of the ilium ; it is implanted into the 
outer suttace of the great trochanter, and is prolonged, by means 

a strong jiosterior taseicuhis, toward tlie lower extremity of 
the femur. 

I he other muscles inserted into the grc<it trochanter — namely, 
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the ‘entogliiteiis,’ fig. 12, /’, the ‘qundnitus fenioris,' the ‘obturator 
exteruu}?,’ the 'obturatin' interniis/ the ‘ goiuelli/ aiul the ‘ pyra- 
DiidalL" ’ - presjo’it a (Hsj>o,siti«ni similar to that which iliey lAive iu 
the human body. 

I'ho inu.''clcs passinp; between the polvis ami the lesser tro- 
chanter, and also iboso that arise from tlie pid)is to be implanted 
into tlio internal sui faee of the tbigln are the ‘ j)soas magnusf tlie 
‘ iliacusf the ‘ |»eciinanl^,'' and the ‘ lri|)le adiluctor.' Hg. 12, />. 

riie ilexor muscles of the leg are the ‘ biceps flexor ('riiris,’ the 
‘ sejniinenil>ram)sns,* the ' semitemlinnsus,' the ‘ sartorius,’ the 
‘ gracilis,' and the ‘ pi>|)lit;eus,' all i»f which are enclosed hy lln^ 
ilcnsi' fascia of the thigh, uliieh is kept tense by tlie action of a 
‘ tensor vaginie fcmoris.' 'The last-named muscle, called also tin* 
‘ inuseiilus tasciie lata*/ arises Ironi the anterii*r portion of the 
erc't id* the ilium, whencr it drseends obiiipiely ilownwanl, en- 
(‘losovl between two layers <»f the fascia, etueiing the thigli, into 
which it is strongly insert <‘d. 

The (-xtensor inuseh^s of* tlu* h*g vi/., the ‘ reelns,' fig. 11, //, 
the ‘ vastus int(*rmis,' tig. 12, r, the ‘ vaslii.- ('xtcrnus.’ fig. 11. //, 
und the ‘ crurams'’ — offer in all ijua.ilrupcds tin* sanu' general tiis- 
])osiiion as in .Man, the thrm* la.^i forming one great eommon 
rnu.'cle, ^ trifemoro-rotnlcns.' Tlu* anlcri»)r margin of* the thigh 
is ((wnu d by the ‘ >artorins/ uliieli hen*, loan its p(;sItion and 
(>(Hee, has been named l.»v hij»|fotomisl> the ‘ long a(hlm*tor cd* the 
thigh.’ . . * 

*rh<? ‘ biceps cruris’ aris<‘s by a single origin, wbi<‘b is. (ba'ived 
from tin' is< biiiin, and the neighbouring ligaments and fasei.al e.\- 
jiansions, T\i\< mns<*le covers a larg'o proportion of tlui outer 
surface of tbc tbigli : its principal insertion is into tin* lu*ad of* tin* 
fibula, but it likewise tlirongbont its ubob^ length coutrael> ex- 
ten.sive and impmaant attaebmcfits with tin* fas(‘ia lata, so llnit il 
filso liecoines a powerful extensor of the tiiigli. There is, how- 
Cf^'Cr, a ilistinct p<>rtion of the hieep.'^ derived fVom the saero> 
sciatic, apijiK'nro-iis, the lihrc'^ of whieli an* direeti*(! obliipiely from 
l)ef<.)re ba(*k\vafd, whieli^ mec‘ting the isehiatie portion at aii 
angle, form with it a kind of ra|)he, which is [irolonged for sonic 
distance. "1 liis nuisele is (*allecl " \astns loiigns ’ in nijipotomv. 
The ‘gracilis/ fig. 12, //, is a very consld<*r:iIjle muscle; it i" 
called l)y lilppotomists the ‘ shr»rt adductor of tlm thigh/ whilst 
they usually give tluf name ‘gracilis’ to tlu* scmiiendinosus. 
The ‘ sernimcmbranosiis ’ and ‘ semitendinosns ’ have llic same 
origin and general airangement. as in Man ; but both of them are 
inserted into the tibia •by a broad aponeurosis, extending much 
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lower down tlian in the luinnni subjec;!, a circumstance whicli 
causes the leg to he [)ennanenlly kept in a seniiflexed condition. 

d'lyj ‘ gafitrocneinius,’ lig.*l l ,r., is relatively less carneous than in 
Man : the ‘solieus’ is slender and fec^lde: hut the ‘ plantarls,’ tig. 
12, 13, is reinarfval)!)' deveK*p(3l ; it arises irom tlic fossa aiiove the 
external femoral condyle: its tendon, i.>, is continued dowjiward,and 
runs over th(‘ extriauity oi‘ tin? os calcis, where it is enclosed in a 
sheath; i)assing on from tills jioint, it divides, is, to he ins(*rtcd upon 
each sidi* of the posterior suriace of the proximal phalanx towards 
its inferior extremity, hen* giving ]>assage between it two inser- 
tions to (he tendon of the long tiexor ot' the toe, Avhich it ser\es 
to l)Ind <lown elosely to the pastern wlien the fedhud; joint is bent, 
llms Kseemiiig to perlorm the innctluns both oi the * jdantaris and 
of the slnn't llex<>r oi the ri>es. 

The Mibialis antieu'^,' tig. 12 , 37, is implanted into tlio anterior 
snrfaee of the base of tlie metatarsal, so as to lie an extens<»r of 
tiiat portion of the foot. T'he ‘ tibialis i)osticns ’ .is semi at 2r> and 
* 2 i\, tig. 12. 'file * pojilitens,’ il). is a powerful muscle. The 
tlu'ia.^ ^ pei'onei ' are i*cj)r(*sented by a ^inghi mirade. llie t(‘ndon 
of wliii'h i.)ceoines eoifeiiiuMl with (liat oi the long axteiisor of 
(h(‘ digit, with wldrli, when in aetion, it eo-<»i>crates. The 
fl<‘xor musc](‘s ari* reduced to a <\\\\'.) of extreme simplicity: the 
short tlfxor rroimmmis is wanting: the ‘ ]>lantaris,' as describerl 
alK)ve, h.‘is a. donldi* inserrion into the base of tlie great pastern 
Imimc, and |nvsen(s a similar dis])osition to that of the Hcxor p;*r- 
fV»ratns in digitate ijuadrnpeds, wlnle the ‘ flexor communis longns 
perforans,'’ fig. 12 , 2 S, hcia* sm'viiig a single tendon, 2a, apjiropriateJ 
to the. solitary toe, pas>(‘s on as n>ual to be inserted into the last 
plialanx, 30, 31. 'The bomologne- of the H’rxor longns liallucis’ 
exists in the Horse, iiotwitlistanding the abstmee of* the liallnx; 
Init, inst( 3 id of its usual dt'stination, it liere beeinnes affixed \o tln^ 
ternhm of the Ilexor comiiinnis perforans, to which it forms a 
powerful auxiliary. 

The ‘ extensfir ernumnnis,’ fig. 11, ‘^1, terminates in a single 
l(Mi<lon, 2:1, which i.s insi'i letl into the dorsum of the last jilialanx 
of the foot: it ro elves, however, in its conr:.»e, a tew fleshy fibres, 
//?, (h'rived from the metacarpal ami re[>resenting the ‘’extensor 
lirevis’ of iingnienlatc (juadnipeds. 

In fig. 11, sliownig the ehi(*f ligaments of the hind limb, are 
rejiresented the • liiacns iulernns; /, h, /, and the ‘ epieoty loideusf 
(i, a small ami pt'cnlia'* innseh’, wliieli arises by a flat tendon, />, 
Irom above tin? origin of the rectus ernris, r/, and is insm’(c<l at the 
fore and outer i>;nt of’ the neck of the femur, c, below (he head: 
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its fibres are attached to the capsular ligament. 21 is the ^ rotiilo- 
condylar ligament ; ’ 22 the ‘ rotular ligament;’ 23 the ‘external 
rotular ligament; ’ 10 the ‘ condylo-filhilar ligament ; ’ J 5 tlu; ‘ ex- 
ternal semilunar cartilage;’ 25 the ‘ calcaneal ligament;’ 26, 26, the 
‘ external lateral ligaments ’ of the ankle and succeeding joints ; 
27 the ‘ ant-oblique ligament ; ’ 2 s the ligament from the outer 
splint-bone (metatarsal iv) to the sesamoid behind the metacarpo- 
phalaugial joint: 38 and 39 are cartilages of the hoof. 

Muscles of the hyoid arch. The ‘ stcrno-liyoidcus ’ and the 
‘ storno-thyroidcus ’ fiirm a single muscle, which divides to be 
inserted into both the larynx and os hyoides. The ^ omo- 
hyoldens,' fig. 11 , a, is a very strong muscle. The ‘stylo- 
hvuuleiis ’ furnishes a sheath to the longer jiortioii of the digas- 
tricus, and extends from the furcate extremity of the stylohyal to 
the base of the tliyroliyal. I’here is also a ‘ (*erato-hyoideus ’ 
extending between the thyrohyal and th(‘ thyroid earlilage. The 
‘ paroccipito-styloidous ’ is a short thick muscle, doviv<‘d from the 
paroecipital, wlicnce it descends toward tlie angle of the stylo- 
hyal, into which it is inserted, above the origin of the stylo- 
hyoideus. . 

Facial muscles. The Sx*eipito-frontalis ’ lias the usual origin 
from the posterior part of the cranium, whence, running l(>rwar(l, 
it covers the skull with its teiulinous a|)(>ncurosis, and, in front, 
spreads in muscular slips upon the forehead, some of which, 
fig. 11 , 12, extend downward, to spread over thosii of the orbicu- 
laris paljiebrarum. 

Situated ujMm the outer .si<ie of the nrhit there is anolher 
oeseending sli[> of muscle derived from the lateral cartilage of the 
ear, whicli, by elevating the external eantbus of the eye, con- 
tributes to the expression of that organ. 

The Mevator anguli oris,’ fig. 11 , //, is inserted iiitu the iqiper 
lip and margin of the nostril: it lias two origins, derived from the 
surface of the superior maxillary hone, l)et\ve(‘n which the lateral 
dilator of the nostril and upper lip [aissesto its destination, 'fhe 
‘ zygoinatieus ’ is a depressor of the external angle of the eye, as 
well as an elevator of the corner of the moutli, its fibres heing 
intermixed Avith those of the orbicularis ]»al]»(*l>rarum, as well as 
of the orbicidaris oris. 

The ‘long dilator of the nostril, and elevator of the iqipcr lip’ 
arises at a little distance behnv the inferior margin of the orbit ; 
and, passing between the two iU'igins of the levator anguli oris, 
terminates in a tendon, Avhic.h becomes connected Avith tliat of the 
ojijiosife side, and then spreads out in front of the upficr lij). 
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\Fr()in the tendon the last muscle arises tlie ‘ anterior dilator 
of riie nostril,' li^r. H, which, acting upon the interior nasal 
(•arti|^ige, powerfully cx])ifnds the aperture of the nose. The 
‘ orbicularis oris,’ fig, 11, o, the elevator lahii sui)erioris,’ the 
‘ elevator of flic eliin,’ 
and the ^ d(*pressors ol* 
the lower li|), and angle 
of the moulli,’ are well 
developed. 

The anatom y of tin; 

Mini's of tlie Horse 
would 1)0 inconiph?te 
without a notice of the 
striurture ol* the terminal 
segment of these l)0st of 
terrestrial locomotive or- 
gans, in the perfection of 
which the whole meclia- 
nical fon’se is concent rated 
on a single hoof, 

'^riie longitudinal section of the huge finger that forms the foot 
or ‘hoof’ of tlie horse, Mg, 1,>, shows the structure of the three 

jihalanges proximal i, middle 2, and distal or ungual 4 , with that 

of the sesamoid, or nnt-honc a, adding to tlie lever-jioA^er of tlie 
division of the tendon, 7, of the llexor profundus, going to the last 
[)halan \ : (lit* insertion of the tendon ot* the ‘ fh'xov sublimis,’ G, 
and that of tlie tendon of the eommoii ‘■extensor,* 5, are also shown. 
The lioof-l)i;x of the ungual jihalanx isilenser at its peri])hery, 12 , 
than at iis base, 10 , but is not continuons over either surface ; the 
f(»rmer jiart is the ‘ wall,’ the latter the "Moor’ of the horny or 
‘ insensible’ lioof. Tlie wail, or ‘ external wall,’ has the. form of a 
hollow eone obliquely tnineate above, so that it is highest in front, 
12 , becoming vertieal, and lower as it extends backward, losing 
density, degenerating partly into tlie elastic tissue, 9 , but being 
mainly inflect lul inward, toward the centre of the soh*, where it 
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hlevids with the horny *■ floor,’ and forms, the ‘■internal >vull : ’ 
this siipp(»rts the supcrinciunbont softer elasti(‘ tissue, and partly 
that called the ‘ frog,’ fig. l(i, .a, J'or which a triangular space is 
left lictweeii the inflected parts of the ‘ internal wall.’ Thus the. 
postei ior part of the ])eri|)heiy and of the Moor of the lioof ’ is 
left uncovered by tbe horny box, wliicli is accordingly free for 11 
certain degree of elastic expansion and contraetion, especially 
posterioi'ly. The inner surface of the * wall ' is proiliiced into a 
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number of giibvertieal lamclhe, 17, 3, with wliich interdiVri- 
late correspond iiig lauielhr, ib. ir, from tlie ])oriost(‘um of ^ibe 
ungual jbalanx: the first are ealled the ‘ horny l^melUej’ the 
second tlio ‘ vaseiilar’ or ^ sensitive lainellte.’ At the interspace 
behvoen llie inileet<Ml parts or prongs of the ‘ Avafl ’ projects the 
mass of elastic subcorneous tissue caUed by the Fnaieh farriei’s 
Mburehe,’ and misnamed by the English ^ frog.’ In the horizontal 
section of the lioof, fig. Id, in whi(‘h a part, is refl(?eted back, the 

* frog,’ a, is seen to extend to the 
eenirc of the sole: its exposed outer 
surface is the hardest and most 
horny ; but this tissue is not so thick 
as some farriers, misai>])lying the 
paring-knif(‘, suppose: it gradually 
passes into clastic tissue: it is im- 
pressed at its middle part by the 
‘ eU*i t of the frog,’ and is refh‘eted 
npon the ‘internal wall.’ In fig. 
Id, 2, 6, IS the section of the •Avail;’ 
a, the u))per surface of tlie ‘ irog;’ 
4, 4, are the pa,rts of the •wall’ 
called the ‘ heels r>, parts of the sole 
called the ‘bars;’ 7--11 indicate the 
boundaries of the space lodging th(‘ 
frog; 12 , are the ‘ vascular lainelhe.’ 
The horny matter of tlie sole possesses 
more elasticity than that of the wall : 
the sole is slightly concave toward 
the ground, ahiitting by its loAvcr 
circumference against the wall: it is 
clcl't to Its centre by the triangnlar 
s[Ku:c throngli whicli the frog j)n)- 
jeots. 

In fig. 17, 1 is the skin reflected; 
2 , soft elastic tissue, with oil, forming a cushion ])el!ind the inc- 
tacarpo-phaJangial johit; 3, ‘wall’ of the hoof turned l>ack, 
showing the horny lamelhe; 4, section of* front part of the ‘wall;’ 
5 , 6, ligamentous parts of rnetaearpo-phalangial joint; 7 , tendon 
of common ‘ extensor;’ 8, u, 10 , those of the deep and sn|)erfi<hil 
flexors ; i:>, oxpansioji (o the great anterior cartilage of the hoof; 
16, the ‘coionary frog-ljand’ ndlccted ; 17 , the ‘ vascular lamelljc;’ 
18, Mastic portion of the ‘frog;’ the ‘coronary venous plexus’ 
is shown at ./i. 
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*Tii the Iiuliaii Rhinoceros tlie paiiniculus carnosiis is more 
(liscl)ntiniioiis than in other Perissodactyh^s, hut where it exists 
is ot\unu.si^il thickness. ()ne sheet at the side of the thorax 
worlds Its fascia Iiiti» 
the int(‘rstic(^ of tlj<? 
dermal fold in front: 
of the fore liinhs. A 
similar portion lx*- 
hind is inserted into 
the posterior fold of 
the skin, sii<j:i;*estino* 
that such p(*riiianent 
folds served the pur- 
{)(»se of alfordijip; a. 
tlrnuT insertion to 
t!ie aponeuros('s of the 
cutaneous inuschs 
than a plane surface 
could have done. Two 
sheets of pannicailus 
l ise, l)road and thic^k, 
one on each side of 
the anterior ]Kirt <d* 
the abdomen from 
tiuy snperlieial faseia, 
and, passing haek- 
ward, terminate in 
a \ )o 1 1 e n rosc'S co v e r I ng 
knee-joint. As lh<^ 
patollje are higher 
tlian the line of the. 
abdomen, in the erijet 
|)osition (>f the animal, the preceding innseles alford additional 
SMpiM>rt to that l)Nlky part, sumo ol* the weight thus heihg trans- 
i'erre<l to the hind-legs, which, reciprocally, are hy these muscles 
drawn tV»rward in locaunot ion.‘ 

5 1!JS. Mffsrlrs of Arflothtvfjfln. - In the Riiininant division 
ot tlie Arliodaetyle Ungulates tlie " j»;imiiculus carnosus ’ is 
l>ett(‘r d(!velopi*(l tluui in the non-ruminant group, c. </. the hog 
and the hip[)opotamus. The fixed points from wdiieh, in the 
ox, the well-develo[)i‘d sheets of d(‘rmal carneons fibres act on 
the skin are the scapula, inandil>le, ilium, pubis, and j>atella: a 

• V. p. no. 
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subjacont layer of fascia allows the play of the ‘ paiinicnJiis ’ 
independently of the main masses of the muscular system/ fig. 
18. To the shoot of oarnoous fibres j5pi*eailiii^ from the seauular 
fascia over tlic nock the term ^ cutaneus colli’ is applied: to a 
thinner layer oxtoncling from the fore part of tin* neck over the 
forehead and chocks to the li[>s, that of ‘ eutaneus faciei.’ Tlie 
thick layer expanding from the supra-sca]>iilar attaclimeiit over the 
slioulder and |)art of the fore-limb is the ‘ eutaneus luimeii ; ’ that 
Avhich ('X tends from the iliac and j)ubic fascia lata, and from the 
patella, f’orward, ex])anding upon the abdomen, is the * eutaneus 
abdominis : ’ the ‘ musculus prejnitialis,’ in the Bull, is a deriva- 
tion frinn the f»>regoing* dermal muselo. 

The ‘trapezius,’ lo, n, answers to the scapular division 

of that muscio in Man; it arises i)ithe Ox from tlie neural spines 
of the anterior half of the thorax, and from the ‘ ligainentiim 
nuclue.’ In the (liraffb it is in two portions; one arises from the 
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transverse jirocesscs of the fifth and sixth (‘er\i(*al vertebra', its 
fleshy })art is tliiek and strong; but exjaiiids as it jiasses down- 
ward and baekward and finally is lost in a strong fascia over- 
s[>rca«]ing' tlni slnuildin-jolnt ; the secojid portion is thin and 
l>roa<l, ari.-cs from tlie ligaineutum nucha*, and is inserted into the 
fascia covering tin* scapula.* The ‘ masto-liumeralis,’ fig. 18, 8, s, 
may represent tlic* ‘ eh-idal ’ of the trap<*zius in <*Javiciilato 

l.i ngulates ; it arises by an ajunieurosis fi*oni tlie ligame.iilum 
nucha*., and, by a tendon, from the paroccipita.l ; the chief and 
more snper/iclal pin’tion is inserted into the humerus, the deepen* 
portion into the stcninm. The ‘ latissim us dorsi,’ hV. 18, 12 , in 




MUSCULAli SYSTEM OF MAMMALIA, 


43 


the Ox, as in the Horse, is a coini)aratively small miisCle, and acts 
II {>0111 both hinncrns and antibrachiiiin. The ‘ rliomboideus,’ fig. 
11), n,^is not, single, as in the Horse and Giraffe, bnt consists in 
the Ox of {U’O- and post-i-honiboid portions : the former rises from 
the nuchal ligaiiient, as far forward as its oeci|)ital insertion: tbe 
latter from the s|>ines of the two or three anterior dorsals ; ])Oth 
converge to be inserted into tlie base of* the seapnla. 

The •sj)Ienius cajiitis,’ fig. 19, 7, arises fj-om the anterior dorsal 
and posterior cervical sjunes ; the fibres diverge to a flat tendon 
inserted into the paro(‘cij)ital and the ridge rising therefrom. In 
the 8hec|) an insertion of a small fasciculus into tlie diapc'jJiysis of 
the atlas rcpre>sents tho^ sjilenius colli.' TIu; ^ s<;aleni ’ form three 
strong muscles in the X'aniclUhp^ in tint Giraffe four, wliich rise 
from (he fourth to the seventh cervical vertchra^ and arc inserted 
into the manubrium sterni and first rib. Tbe ‘ scalenus an'ticiis ’ 
in the Cow is shown at 12 , fig. 19. The ‘ sterno-maxillaris ’ arises 
f]*om the manubrium and divides, at a, fig. 18, to be inserted into 
the paroccipital and inandil)ular angle. 


la 
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Tlic ‘ levator angiili sca{)uhe,’ fig. 19, 8, arises from the plcnr- 
n[)()physes of the tliird and I’ourth eorvical vertebrae, and is inserted 
into the anterior angle of the sca|)ula : it seems jiart of the folh)W- 
ing muscle. 

The *■ serratus magnus,’ fig. 19, 10 , has an extensive origiti 
from the pleurapojhyses of the anterior half or two-thirds of the 
dorsal series, forward, to that of* the fifth cervical inclusive, by 
^ dentations,’ or an angular strij) from each : tbe fibres converge, as- 
cending beneath the scapula, to be Inserted into the cartilaginous 
su{)rasea|)ula, Tluis, as the fore-part of* the trunk is, as it wei\>, 
siting ui)on tlie two great serrate iiuiscles which jtrincipally sup{)ort 
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the weighfof the deep chest of llie Kuniinauts, the interposition 
t)f the elastic cartilages hotucen the upper attachments cf the 
muscles and tlie (*apitaLs of the bony coliuiins (»f the two fo) c-legs 
is attended with the same advantage as is obtained by slinging the 
body of a roacli n|)()n elastic springs. 

The main body of the ‘ pectoralis majorf fig. 18, I3, rises from 
the sternum and ensifonn cartilage, the tibres converging to the 
tomhm ins(‘r(ed in the outer tuberosity of the humerus : the an- 
terior derivative from this nnisele, effecting 
the crossing of the ibrc-limbs, is present in 
[{uminants as in St^Iipeds and Cetaceans. Two 
muscles converge to an inserlion answering to 
ol* the deltoul ; ’ one Is the superlieial 
ju)rti«m of the ‘ masto-hiimeralisf fig. 18, s, 
fig. U), 11 ; the otli( r. /?/. 14, arises 1‘rom the 
.'■•pine and post-spinal Ibssa of the scapula: the 
latter is the ])roj)er homologuc* of the * deltoid.’ 

The ‘ su|u*a- <»r pre-s].vinatns ’ is shown at 
1, jigs. 20 and 2 1 : it is inserted by a doiilile ten- 
(l(m into the fore and inner tul)ero.sities <d’ the 
Inimerns: the ‘iniVa-or ))ost-sj)inatiis,’ lig. 
2(), 2, lias a singh? strong insertion into tln> 
outer tulierosity. The inserlion of tlie ‘ teres 
major ’ is seen at fig. 2t), a. 

The subseaj)ularis, fig. 21, 2 and 2^, con- 
sists of two chief masses, and <‘orres|)ond.s in 
hmglli and narrowness Aviili the Ixme from 
Avliieh it originatc's ; it eonseijuently produces, 
like the muscles on llie ojiposite surface of th«‘ 
scapula, more rapid and e.\lcnsive motion of 
the liunierns, to the Inner tuberosity of which 
it is attached. I’he ‘ eoraeo-ln'aehialis/ fig. 20, 
8, arises from tin* liil»ci'ons representative of 
the coract)id ; its inserlion inO) the Immerus ex- 
O-nds down to tlie inner eondyle. The ‘ bieejis 
biMchii,’ fig, 21, io. shows an origin from the 
eorae(»id as W(!ll as the chief o^(^ from above 
the glenoid eavily <ff the seaj)iihi. It is in- 
serted into the radius, below the usual tuberosity, and also sends a 
strip of tendon to tlie antilu’aelfial aponeurosis. In the Camidifla! 
the tendon of origin is donblo, hut a])proximated, and encloses a 
•ST'lerous sesainf»id as it pas>os over the Iicad of the humerus. The 
‘ Imicliialis internus’ rises from the ueek of the liumcni.s; its in- 
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st^rtion, 21 , ii, is anterior to that of tlie bleeps. The massive 
nnis(:\]es answering to the ; trieeps extensor’ are the 'extensor 
longiX/ figs! 20 ami 21, r>, tlie ‘ext. latus,’ fig. 20, 4, tJiO ' ext. 
meiiins,’ fig. 2L.r., and the ' ext. brevis,’ fig. 21,7. The ' anconeus 
extern us,’ lig. 20, r>, a])pears to be am^ther part of tins system of 
niiiseles acting on th(‘ trunk through the scapula and reeii)rocally 
on tlie supporting limb. A small fasciculus, fig. 21, ir,, arising 
from the inner part of the distal end of the 
humerus, and inserted into the upper 
half of the radius, acts feebly as a tlexor, 
auvl seems to represent the ‘ |)ronator ter(‘s ’ 
of ITnguiculates. The ' extensor carpi radi- 
idls,’ fig. 21, 12, is ins(Tted into the fore- 
part of the ' cannon-Vione.’ The Mlexor 
carpi radialis,’ tig. 21, i i, sends its tendon 
heiiind ilu^ earpal joint to the l^ack part ol* 
the eaunoii-hone. Tin* muscle, fig. 20, lo, 
which is insert(Ml into the inner (radial) 
sidi‘ of the eaunon-lMjne, has an homolo- 
iXous oritiiu with that of the ' abductor 
|>onieis.’ 

Tlu* '(*xteus(vr digitorum longus,’ tig. 

20, 11, sends its two tiaidons in front of the 
<*arpns and cannon-bone; the iiin(‘r one is 
inserted into the middle phalanx of the 
inner (voh ii, fig. <ligit ; the outer 

t(*ndon divi(h*s, to he. inserted into ihe un- 
gual [dialanges of both functional digits. 

The ‘ extensor hrevis digitorum,’ lig, 

20, 12, is inserted into the middle phalanx 
«>l‘the outer (ih. tr) functional digit. Tlie 
‘ flexor carjii ulnarisf lig. 20, la, is in- 
S(‘rted into the ‘ ]>isii’onu(! ’ and outer side 
of the head of the eannon-hone. The 
'flexor nerforans digitorum,’ fig. 21, i:», Muni.s n,.- 

^ 1 1 1 • 1 rn'iu lliO lmu;i' 0‘:j«lian side. 1 ^—. 

sends Its flat and strong timdou behind 

the cannon-hone, near the lower end of which it diviih'S, and 
]>eiTorates the corresponding divisions of the ‘ flexor perforatns,’ 
to he inserted into tlie nngnal phalanges of tlie digits, ///, tr, fig. 
103, Ox, vol. ii. The 'flexor carpi ulnaris internns,’ fig. 21, i»’», 
is inserted into the ‘ pisiforme.’ 

The ectogliitens, fig. 1^^, l'), arises from the flire part of ihe ilium 
and sacral fascia, and is inserted into ihe lower pari of the groat 
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trochanter ; it is closely connected ^vitli the ‘tensor hisciie leiuoris.’ 
This muscle, fig. 18, U5, arising from, bchiml the outer iliac iiihe- 
rosity, expands u])on the thigh, and is lost in fascia coverilig the 
knee-joint, and attached to tlie spine of the tibia, whereby the 
inuscle becomes, with the rectus, a liexor of the thigh, '^fhere is a 
‘ sartorius ’ crossing obliquely the inner side of the thigh, and in- 
serted aponeiirotically into the inner side of the head of the tibia. 
Tkc '* mosuglnteiis,' fig. 19, is, arising from the outer side of the 
ilium, is inserted into the outer part of the great trochanter. The 
‘ entoglutcus,’ //>. isv, rises above the aeetabuhnn, and is inserted 
into the ypper j)art of the great trochanter. The ‘biceps femoris,’ 
fig. 18, 17 , 18 , arises from the sac.ro-sciati(* fascia and from the 
ischial tuberositv; the fasciculi from both orij^ins unite to form a 
hroad muscle (the ‘ vastus lougus’ of l]i|)potoinv), which is in- 
serted hy a strong aponeurosis into the head of tlic tilna and iascia 
of the leg. The ‘iliaciis internns ’ is shown at 17, fig. 11) ; 2:^, 24, 
a'nd ao, //>., are muscles of the tail. The " vastus externns,’ 
fig. 19, 20 , covers the w hole of the outer ]>art of the thigli-bime, 
from the groat trochanter; it is inserted inU» the ])atella and head 
of the tibia ; a small ])art of tlic ‘ rectus femoris ’ a|>pears iu front 
of its u[i|u.*r part. 7"hc ‘gracilis’ is a large broad muscle, arising 
from the i>ubic symphysis, and inscrte<l int(» a long tract of the. 
tibia. The ‘ adductor magniis’ is seen at 27, tin* ‘ scmitiUHlinosiis ’ 
at 28, and tlic ‘ semimembranosus,* or ‘ adductor tibia* longus,’ at 
22 , fig. 19. 1'he last two muscles arc blended in the Ib'g. Tlic 
‘ tibialis amicus’ arises from tbe inner side «►!’ the fore j>art of the 
head of the tibia by a strong tendoji ; tlie mnsenlar part swells into 
the chief of those on the fnre j>art of tlie leg; the tendon ofijiser- 
tion splits to give passage to that of tlie ‘ peroncus longus,’ and is 
inserted into the outer .sid(i of the Inaid of the metatarsal. There 
is an extensor of the middle phalanx of each functional t»)e; the 
tendon of the long ‘extensor digitorum’ bifurcates at tbe end 
of the metatarsus for insertion into the migual pliahuix of the 
same toes. 

The chief peculiarity of tlie flexors of the digits of the hind-foot 
in hoofed quadrupeds is the accession of muscles not so ujiplied in 
most other mammals. Thus the ‘ gastrocnemius,’ l)esides its inser- 
tion into the heel-bone, sends a strong tendon along the back of 
the metatarsal, to the plialanges, wiiore it exjiands and bifurcates, 
each division again splitting for the passage of that of the ‘flex<»r 
perforans/ before being inserted into the middle phalanges. In like 
manner the hornologue of tlie ‘ tibialis posticus ’ combines its ten- 
don wdth that of tlio ‘ fjexor perforans such common tendon 
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expanding bel)ind the metatarsal, and »splitting to perforate the 
toiulAi of the j)rce,eding flexor in its way to the last phalanx. 

Of The al)domiMal imiseles, the ‘ obliqiius externiis ’ is shown in 
fig. 18, 14; itsb/oad tendon is perforated by the mammary artery 
and vein, at 19. The ^ obliquus iuternus ’ is seen at lo, fig. 19. 

I found the following conditions of the hyoid musefes in the 
(liraffc - The ^ my loJiy oldens/ thick and strong, arose from the 
internal surface ol* the lower jaw, and was inserted into tlie 
ra|)he dividing it from its fellow of the o[)po*;ite side. It ad- 
Jiered firmly to the ‘ genio-hyoidens this arose by a well marked 
t<‘ndon from the symphysis menti, and had the usual insertion. 
The ‘ genio-glossiis ’ arose by a tcndim close to the inner side 
of the tendon of the ‘ gcnio-hyoideiis ; ’ its fleshy belly had a 
considerable ant(‘ro-[)ostenor extent, and diminished to a very 
thill edge at its anterior inargin. The ‘ digastricus ’ had the 
usual oi*igin, and was inserted, broad and thick, into the under 
side of the Iraver jaw. 'J'he ‘ sl vlo-hyoid ’ was remarkable for the 
slenderness and length ol‘its carneous part. Tlie most interesting 
inoilifleations in the mus<‘h*s of the os hyoides were found in 
those which retract that bone. The muscle which, as in some 
other ruminants, combines the oflicos of the ^ s(eriio-th yroideiis ’ 
and ‘ sterno-hyoideus,’ arose by a single long and slender carneous 
{Mirtion from the anterior exlreinity of the slernuin ; this origin 
was nine inches long, and terminated in a round tendon, six inches 
long; tlie tendon then divided into two, and eacli divisimi soon 
hccaiue fleshy, and so continued for about sixteen inches; tlicn 
each division again bc(?amc tendinous fur the extent of two inches, 
and nltimately cariuHnis again, when it was inserted into tlie- side 
uf the thyroid cartilage, and thence continued in tlie form of a 
fascia to the hyoid. This alternation of contractile with noii- 
contractlle tissue gave a striking example of the use of tendon in 
limiting tlie length of the contractile part of a muscle to tlie 
extent of motion required to be produced in the part to which the 
muscle is attached. Had the slerno-thyroiilens liocii contimied 
fleshy as usual from its origin through the whole length of tlie 
neek to its insertion, a great proportion of the mnsmilar fibres 
would have been useless ; for as these liava^ the power of shorten- 
ing themselves by their contractility onc-third of their own 
length, if* they had boon' continued from end to end in the steriio- 
thyroidci, they ^^ould have been able to draw the larynx and 
hyoid one-third of the way down the neck ; such displacement, 
however, is neither required nor indeed eomjiatiblc with the 

* xcvir. p. 232. 




mechanical etnvnections of the parts; but, l)y tlie intervention of 
long aiul sleiuler temlons, the (iiiantity of the contnietile fibre is 
duly a]>portioued to the extent of motion required fiu' tlie iarynx 
and os hyoidcs. Tlie ‘ uiuo-hyoideus ’ was adjusted to its oflice by 
a more simple moditieation ; instead of having a remote origin from 
the shouldm-hlade, its tixed point of attaeliment a\ as brought for- 
ward to the nearest l)one (the third cervical vertebra) from wliich 
it could act upon the hyoid to the due extent. 

In all Harhirora the muscles more directly worked in inasti- 
<*atiou,c. </, the ^ inasseter ’ and * ptervgoidei/ are [n’oportioTUilly 
more developed than the biting mnscles, c. 7 . ^ temporales ; ’ but, 
there are degrees of dilfercncc; in those ITngiihites in which the 
canines are most developed, as c. </. the Hog and Camel tribes, 
the temporal nuiscles are larger. In all l^ngulates ihe chief 
depressor of the ‘jaw, or opener of the mouth, ])assing iVom the 
paroccipital to the mandibular angle, has a single fleshy belly ; 
it is, liowever, the honu»logue t>f flic “ digastriciis ’ in Man. 

One of the muscles pnxa'oding from the neural arclies of the 
dorsal vertebra’ to the occiput is tendinous, along a ])or(ion of its 
mid-course^ in most unguiculate ^laminals: it is ca!l(‘d ‘ ])i venter 
cervicis ’ m ^Viithropotoinv. Contiguous muscular fasciculi ex- 
tending from the neural s]>ines of the anterior dorsals to ihoso 
of more or loss (d‘ the cervh’al v<(U*ies, ar<j termed ‘ spinalis (‘crvicis.’ 
The ])air of librous mass(‘.s with like altaclimetits, hut in which the 
striated fibre is almost wliolly ixaluced to tin* yellow eltistu’ lissiu* 
in Ungulates, is commonly known as tlie ‘ ligamentum nudue.’ 

In the (lirafFc tliis mecljaulcal stay and supj)ort of the long 
neck and head commences iVtun tlic sacral vei'lel)r;c, and re(‘elvcs 
fresh a<’cessi<Jiis iVom each lumbar and <!orsal vertebra, as it 
advances forv/ard; the sjiines of the tintcrior (kn'sal vertchrav 
become greatly (jlong.aicd to allbrd additional surface for the 
attachment oi* new ))ortions of the ligament, wliicli appears to be 
inserted, on a su|ierficial dissection, in one contiimons sheet into 
the longitudinally extendcfl but not elevated spines of tlie cer- 
vical vertebno, as far as the axis ; the atlas, as usual, is left free 
for the ro*tatory movements of the head; the ligament |)ass(*s 
over that vertebra to terminate by an expanded insertioti into 
the occii^ital crest. It consists tliroughout of tw«) l>ilateral 
moieties. In ihe sj)ecinu*n 1 dissected, tlie nu(*lial ligament, 
in situ, measured 9 feet in Icrifftli : an extent of 6 feet was re- 
moved, which nninodiately contractQjl to 4 feet. 

In the Camel the liganientuin nnchiu arises, broad and thin, from 
the anterior dorsal spines, ljut gathers substance as it advances and 
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iK'Coines condijnsod into a |)air of oonls wliicli receive^ ac(‘,essions 
fronithe cervical sj>ines, by^ wliich the ligaments seem hound down 
so iis\o foIWw the curve of the neck : the insertions arc into the 
supcro(H;i[>italr ^Posteriorly a continuation of the ligaincTit may be 
traced S[>rcading out and losing itself in the base of the single 
huin|> (:»f the Dromedary, and as far hack as that of the hind hump 
in the Camel.^ 

The relative size and insertions (a cervical, b nuchal) of the 
ligamentum nuchic of the Elephant arc shown in fig. 22. Much 
of the same kind of yellow elastic tissue is combimHl with the 
a})on(mrosos of tlie ahdoiuinal mnsehs in the J^l(*|)hant, Uhino- 
cca-os,'-* ami (Jiraths in reference to the capacity and heavy con- 
li-iits of parts of the alimentary canal. 



§ 1 1)1). Mi/srb‘s of (/anth'oni, The ('ommen(‘ement of certain 
laeial muscles that reach their full ilcvc]n|Hancnt iu ]Man mav 
hi^ <lisccrrM'd in tiu; irngui<‘ulatcs. Sinali dctaclicd sheets of 
muscuiar lihre, cervico-faci.al %)r ‘ platvsina mvouh'sf are attached 
to the skin at tin.* si(h‘ of the ncek, s|.rc:id ujum the lateral inte- 
guments of tlie fjK'c, and, in the Cat, show a special arrangement 
or <l(‘vclopement by affording a miiseiilar ea])snle to tbe bulb of 
eael) l(»ng hair of the whiskers, upon the (*hin, lips, cheeks, and 
cyehrows, to wduel) tliey give the impressive, movements of those 
sensitive parts. lioth the ‘ occipital ’ and ‘ frontal’ parts of the 
human ‘ occijuto-lrontalis ’ are also present in the (’at 

I he mus(*les of tlu* jaws in Curvioora are chietly remarkable 
h)r the large pr(»portional size of the ‘ temi)oralis,’ with which 
fhe, ^ m.asseter,’ In’ the more vertical disposition of its fibres than 
U) Ihrhirorft, comhinos in th(» aet of forcibly closing the montli. 
Jke ^ pterygoitloi ’ are small and not very distinct: fr<un each 
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other. TJie ^ digastric ’ is a powerful muscle and seemingly ^ ino- 
nogastne/ hut many tendinous tilainents in the middle o/ the 
cariieous substance indicate the division which is et^tablishcd in 
higher Gyronccphala. In the Lion it arises by, a strong tendon 
from the panxH'ijntal ; and its action may bo seen in the effort 
the animal makes to disengage the mandible from Hgumentous 
parts of its food. In the Felines the la tissimus dorsi has its chief 
insertion into the tendinous arch, bridging over the biceps, and, 
witli the ^ dcrmo-humeralis ’ similarly inserted, it acts upon the 
inner side of the iii)per part oi‘ tlie humerus, but sends a strong 
a])onenrosis between the external and scapular ‘ heads ’ or por- 
tions of the triceps to l)e continued ujuni the aiitibrachlal hiseia; 
in the Dog, a distinct fasciculus of the muscle combines its tendon 
with that of the ^scapular' portion of the tricej»s. In the Seal- 
tribe the retractile action of the latissinius doi‘si is extended, by 
the aponeurotic insertion, to (he palmar aspect of the |)ectoral fin. 
The liomologiic of tlic ‘ serratus posticus su]>orior’ is largely 
(tevelopixl in the Lion, extending its anterior attachments to tin? 
nape. The ‘protractor scai)uhc ’ arises in Felines from the 
diapopliyses of the atlas, axis, and third cervical, and is inserted 
into the spine of the scapula near tlic a(n'omion. Tlie origins of 
the ‘great pectoral musclos’ interblcnd and cross each otlun* 
in Felines, so as to seem to form a common adductor muscle of 
the ibre-limbs ; but the mass of the fibres resolves itself into four 
almost distinct muscles, answering to the ‘ large pectoral ’ and 
grand })ectoral of Hippotoniists, and iiKilnding the ‘ sterno- 
trachiterien ’ and ‘ pec^toantf brachial ’ of Slraus-Dnrekheim. 
'fhe ^])Cct:oi‘alIs minor’ in the Dog is inserted into the u].‘pt'r 
]>art of the ghmohl cavity of the scapula. In nnguicnlale, and 
especially clavimilate, Gyrencophala, the deltoid conforms by tin; 
greater extent of origin and size to the more varied movements 
of the humerus, as compared with the ungulate order, lu tin; 
Chit tlic deltoid (xmsists of an anterior portion arising from tin; 
acromion, and a posterior one from the spine, of the s(;a}>nla; in 
the Lear only the ain'omial ]>ortiou is develojicd. In noncla- 
viculatc Carnivora the ‘ inasto-huriieralis ’ is present: in cla- 
viculatc species the ‘ cleido-cucullaris ’ and ‘ eleido-mastoideus ’ 
are its divisions : the former, in Felines, rises from the jiaroccipital 
crest, and from the neuial sjiiries of tlie anterior cervicals, passes 
back and down to the transverse ligamentous tract in which the 
clavicular ossicle is developed; the ‘ cl(;ido-mast4>id ’ is inserted 
into two outer thirds of the clavicular lione, whence is continued 
a flcsJjy belly descending abng the fore-part of the brachiuni, in 
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front of the biceps, to l)e inserted into the tiiborovsity of tlie 
ra<lii^: it ans^vers to 8, fig. 18, in Ungulates. The biceps, in 
Felines, deilves its single head from the upper rim of the glenoid 
cavity, and is inserted into the bicipital tiil)crosity of the radius. 
The ^ brachialis internus’ is a long muscle on the outer side of 
the humerus, and is inserted into the lower wall of tlic sigmoid 
(‘avity of the nlmi. The ‘triceps extensor’ is v(‘])reseiited by 
tl)i*i‘e or more jriusclcs, distinct in their fleshy ])art, and remark- 
able for their volume in Felines: their common umdon incloses 
the olecranon like a strong capsule. I>csid( s the foregoing tliei-e 
are tliree sliorter oxt(insors, one of wlnnli is r(*])rescnted i)y tlie 
Iiinnan ‘anconeus;’ bul: all Ixdoug to the same system as the 
tvici]>Ital extensor. The ‘ jn'onabn* teres’ is proportionally large: 
ill die Lion its cai'iietnis ]>art extends far down the Ibre-arm : in 
tlu‘ ('at it ciuls in the tendon inserted alanit lialf way dow'ii tlie 
radius. Idie • paltnaris lougus’is also nioni <ievoloped than in 
man. 'FIk' " supinator iongus,’ oii llic (>tli(n‘ h;ind, lias a slioi't 
and sl(Mi<!(‘r l!( shy jiorlion; and this rtdates t<' the liahitnal pvo]H> 
])«>silioii id’ the )>aw in ('anuront, lloxors and extensors of 

die carpus and in.'iniis (dosely a(M*ord witli those of Man. hnt; witli 
excess of lleshy lilires in lh<? larger Felines: and a minor degree of 
distinelion of some rnusedes, as, c.y., the ‘ Hexm’cs digitovum,’ and 
‘ (Wtensores pollieis/ llie ‘ extensor longus pollieis’ has \\< origin 
fVoin the, on1<‘r wall of tlie sigmoid cavity of the ulna ami the 
iijiper tliiril of that lione: its long and slender tendon is iiiserteil 
into the first jihalanx of the pollex, hid usually, also, into that of 
di(.‘ index, liv this insertion, as well as hy its high origin, it is 
h'ss (liffi rent iated from the common extensor digilornm’ than in 
Man, ^riierc is no ‘ extensor hrevis pollieis.’ 'riie ‘indicator’ 
is v;‘])resente<l, in Felines, hy a short and slender muscle from tlio 
lower lull f of the outer siile of the nlna : its tendon glides tlirongh 
the same carpal synovial sheath as that of the extensor longns 
pollieis: it has not a separate insertion into tlie index, hnt blends 
witli tlie tendinous division of the (‘ommon extensor going to that 
digit. 'I'lic dlflorentiation establishing the muscle as a true or 
independent ‘ indicator ’ has not yet come about. 

TIk^. ‘ flexor suhlimis ’ is a powerful muscle and the principal 
hondor of the paiw in ordinary locomotion ; its origin is restricted 
to the luimeinis ; its insertions are cxtendevl into all the five digits 
hy the fascia; attached to tlie sides of the nictacarpo-jihalangial 
joints, as well as the ordinary perforated tendons into the sides of 
the first and second phalanges. Tlie ‘ flexor profundus ’ arises by 
live heads from the aiitibracliiuin, which form a common flattened 
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tendon, along the carpus ; this first detaches a tendon to the 
ungual phalanx of the judlcx, and, at ihe inctacarjms, divide^ into 
the four tendons similarly inserted into the four long digitss. In 
each the insertion, fig. 3(5, 4, is into the levcr-lU<e process from 
the palmar part of* the bone of the last jdialanx. It is this mnsele 
whieli overcomes the r(‘tractile f(»rce of the clastic ligaments, il>. 
a, of the (daws, and oon<.*entratcs the power of all five upon tlie 
part seized, 'fhere is no separate ‘flexor longns pollieis.’ 

In the hind limh of Felines, tlic psoas and iliaens are 
more ob\ionsly parts of the same mnsele than in Man : a faseicnins 
of th(' * ps(^as ’ sends a tendon to the pnbis; l)ut the main body 
of tlie muscle acts upon the inner troidianter. In the Cat a, 
detachment of the small eetogliitcais descends to he inserted into 
the patella. The much longer mesogluteus has five origins from 
lumbar, sacral and caudal vcrichnc, and from the crista ilii : its 
tendon goes to tlie great trochanter. The ‘ gracilis' Is relatively 
large. The mnsele at the foiTinost part of the thigh, in Felim^s, 
answers tv» the ‘ sartorius ’ and ‘ rectus femoris there is also a 
‘ tensor fasciie/ which sends an aponeurosis over tlie fore part of 
the knce-j(iint and a tendon to tlie inner pai*t of I he head of the 
tibia. The ‘ Inceps flexor ernris' receives a slender ai'ci'ssory 
laseioulc from an antoi ior (*andal vt'rtelvra : besides Its normal in- 
sertion it is conlinncd by l*as.<-ia into the ‘ tendo acdiillis.’ In the 
Lion, a special muscle, ‘ caudo-fcmoralis,’ from the same vortelira^ 
is inserted liy its own long tendon into th(‘, outm* eondyU' of th<» 
lenuir; The Bqar has not the latter muscle. The largest j>art 
of the ‘ gastrocnemii ' muscles is at or near to llieir femoral origins : 
the tendons of each are at first distinct, and finally blend by ex- 
pansions wlii('h spread over the cal(*aneiim. Th(.> soleiis is small, 
and rises from the fibula: its tendon unites witli that of tlie 
gastrocnemius externvis. The tendon of tin* ‘ jdantaris ’ lamihincs 
with that of tlie ‘ short flexor ’ of the toes to augment the power 
of bending their [ilialanges : its fleshy part is relatively much 
greater tlian in Man. 

§ 200. Muscles of (■^uadruuKtiut , — In this series, up to the apes, 
the pannicuhis carnosus exists; hut is reduced to a thin sheet of 
carneous fibres from the dorso-Iunibar fascia, spreading over tlie 
latissinms dorsi, and again degenerating to fiiseia attaclied to the 
inner side of the humerus. The ‘ ])latysina myoi'des ’ begins to he 
defined, in the AyoMyc,as apairoi broad thin layers, arising from 
pectoral and clavicular fascia, and asi^endiiig over the front and 
sides of the neck, maiidihular rami, and cheeks. In the Orangs 
and Cliimpanzees it sn|)ports the large cervico-pectoral air-sac 
C(nninunicatiiig with the larynx. 
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From the Aye-aye to the Gorilla,* with a few exceptions, there 
is a ‘V'leiilo-mastoidcus * as well as a ‘ sterno-cleido-mastoideus ; ’ 
hul in sonu^. dlaboons ( the distinct fasciculus from the 

clnvhde has not. been f)und. In an Orang J fmind the cleidal 
part inserted into the diapojdiysis of the axis vertebra. 

The term ‘ digastricus ’ is a}>plicable to tliat mandibular nuisclo 
in all Qtiaflrumnuay although the partition by tendon of the ante- 
rior from the posterior belly is not complete in many. In most, 
as in the Aye-aye, the anterior {)ortions of the pair oecu))y the 
anterior intersjiace <)f the maudibnlar rami. I'he middle tendi- 
nous ])art is attached to the hyni<l, ex(‘ej>t wlicrc it is feebly 
marked, as in Staiojui. The interme^liate tendon of the omohyoid 
is not found save in the higher tall-lcvss A])Cs. 

In all Quadnunana the power of the arms in drawing uj) the 
trunk is increased by the accessory muscle from the ordinary ten- 
don of the ‘ hitissimus dorsi,’ which extends its action from the 
upper to the lower end of the humerus (interior condyle), and to 
the olecranon. Tlie ‘ rluuuboidei’ extend to the occiput in iNIaca- 
(|ins, Ilaboons, and the Orang. The ‘protractor seapulie’ (‘ acro- 
mio-trachelicn,’ Cuv.) exists in most Quadrmnniai below the A])es: 
in these the ‘ levator angull scapula* ’ is distinct from the ‘ serrat us 
inagnus; but is the fore jmrt of that musch* in Baboons.^ In the 
(iil)bons the two portions of the ‘biceps Ilexor cubit i* 

lire more j)Owerful and unite lower down the luiiicrus than in other 
Q//(/dnim(fUffy and the inner portion derives an origin from near 
the pectoral ridgi^ of the humerus: their common tendon is inserted 
beneath the radial tnl)ercle, and into the antibrachial fascia. Tu 
Sfmo/hs the blc.ej)shas only its ‘longhead’ or origin: that from the 
l oracoid process is, at least, not dist inct from t he coraco-brachialis. 
Ida* ‘ triee])s extensor enbiti ’ is comjdiealed in Qffitdi'umana 
l>y the accessory lasciciilus in connection with the tendon of the 
latissimus dorsi. The lower ]>ortion of the ‘internal head’ of the 
triceps has also a distinct origin or fas<'iculus from the ento- 
rondyloid ridge in Chirowifs and Tarsins ; iu Sfe/fopa it arises 
more from the back part of tlic humerus. 

The deep and superficial flexors of the fingers arc distinct, l)ut 
a remnant of that blending wliicli exists in most lower mammals 
may be seen in the short connecting tendon which in the Aye-aye® 
passes from the ulnar belly of the ‘ flexor sublimis ’ to the division 
(►f the ‘ flexor profundus,’ giving off the tendon to the middle finger, 
'i’he fleshy part of both flexors, but especially of the deeper one, 
is continued nearer to the hand, in Lemiiridcf* and most otlier 

' Cir. \\ 30, p!. xi. ii‘ 4 . I, 22 d. " Cir. p. 34, pi. xi. t«g. 4, t\ 
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Quadrinnami, than m Man, thus enabling the innscleB to continne 
their action as finger-bernlers wbeij the liand itself is l^jxod. 
The fasciculus of t lie ‘ flexor profundus ’ which seiKh: the tendon 
to the last ]>lialanx of tlie thumb, is more distinctly a ‘ flexor 
longus pollicis ’ in Ajies than in lower Quadramana. In the 
Ayc-uye it adheres to 'the supplementary carpal and fascia on its 
way to the thumb, and thus ojiposes butli the last pluilanx and the 
‘pad' at the base of the thumb in the act of gi-asping. The 
‘flexor brevis/ the ‘ alxluctor/ the ‘adductor/ and ‘ojiponcjis 
pollicis ’ are present in tlic C'himpaiizce and (lorilla, as arc like- 
wise the ‘ extensor longns ’ and ‘ extensor In-evis/ In the Oning 
these muscles begin to be (*011^)1111(10(1 ; in most lower Clu^fdrn- 
maua they arc blended together. The homologne of the ‘extensor 
indicis’ of ]\lan hiliircatcs and sends a tendon to both the index and 
medius digits; the honiologiie of the (^xtcaisor minimi digit! likewise 
splits and sends a tendon also to the anmilans ; so tluit, while in 
Man the index and minimus only have two extensor tendons, all 
four fingers (// — r) have them in most The hand is 

Ihendiy the stronger as a su^peIisor ol tlic body tVom a bough. 

The ‘ ectogliiteus ’ Is feelily devciloped (‘oinpared with tluit in 
^^an : tlui Gordla, thougli ree(.‘ding far in this r(\speet, n.*cedes tin* 
least. The lu)niulogiic of the ‘gracilis’ is r(dati\ely larger in 
all Quftdrtimaufi than in Man, and its instM’tion is extended 
low(T down the leg. In Sfniops the vastus extornus eontrilintes 
a fasciculus to tlie rectus feinoris; in (Inrotin/s it is as distinct as 
in highov Quadrumaiui. IJut here the mesogluteus oxcO(,*ds the 
ectoglvitens in size?, altliougli tin; lattra* is snpplcinontcMl in tlie 
(iiirilla hy fl(^shy fasciculi from the ischial tuberositv, wliich sjireafl 
then* insertions Iroiii tliat ol the c(M(»gIuta?vis down tlie femur to 
the iiit(n*nal (anulyle, ajii>arcntly representing tlie addiuHor inagnus. 
In both Oraug and (liiinpanzee a innsele from the outer border 
(d the ilium to near tin; a<*etal)ulum is iiis(';rted into tin; iindfu* .and 
oiit( 3 r part of tlie great trocliant<;r and rotates the; thigh inwards.* 
The gastrocneinii have a greater length ami minor lireadth and 
tiiickness of the fh-shy pari: the solous rises from tlie fibula exelu- 
sjvely, and joins the gastrocncmil low down. 

§ 201 , Mviirlrs of 7 i////////</, --TJie niyxilogies of Antlirojiotoiny 
rcdiKx; the need of noticJug human muscles hero to some (‘oin- 
parison with tliosij of liigliest Aj>es, hringing out the ordinal 
chariicteiistjcs of the limbs, and to tin; illustration of thos(3 giving 
expression to the face and reflecting the action of tlie organ that 
marks Man’s place in Creation as the type of a distinct sub-edass. 

* ‘ Scansorius, Trail, xxxvs. < Iiivcrtor fcinotis/ xxxiv. p. G8, 
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Figures 23 and 24 give a view of the superficial imiselcvs and 
tendons of the fore-anii ati(l|hand of a full-grown male Gorilla and 
Manof correct relative size. The portion 
of the tricei)S i*s seen in tiie Gorilla at 2 " ; 
in Man at 5 ', in whom the origins of the iMBWiilWfel 

<*arneous fibres of that part from behind the 
in tcr-inusciilar septum arc continued lower 
down the humerus. The ^ brachialis anticus ’ >5 wHSHra 

is seen at 4, fig. 23, and 17 , fig. 24. This 
muscle is not so comjdctcly diflerentiated 
from the deltoid and supinator longus in 
the Gorilla as in Man, nor so individualised , 

as a single muscle: its two portions being 
more distinct. The biceps, fig. 23, 3 , 
ni iintains in Man more of its full fleshy 
character to the sending off of tlio tendon, 

3 ', to the rough posterior margin of tlic 7 

tiil)(‘rosity of the radius, gliding over the 

unlerior smooth surface of that process witli |||n|P»|v 

an intervening ‘bursa.’ The aponeurosis, 

r/\ scut ort‘ to the iasciii of tlie tbre-ann Kmll s|f 

crosses the ‘pronator teres.’ This musele, 

s, fig. 24, is attached to the outer side of 

the radius beloNv the middle of the bone in /3 ^ MbIIB-;/. 

the Gorilla, but rather above it in Man. 

'file double origin, viz. from the inner 

luiincral condyle ami the eoronoid process of 

tlie ulna, is better dernied in ^lan, fig. 23, 6. ^ ^ 

The ‘ palmaris longus,’ fig. 23, s, arisi^ig 

as a distinct musctlc in Man from the inner ^ 

humeral condyle, is a fasciculus, 5 , of the \ \ 

‘flexor carpi uliiaris’ ( 3 , lig. 24) in the I \i\ 

Gorilla; but, as this musele is subject to \ jj 

variation, and sometimes absent in Man, it ra 

may show analogous inconstaucy in the Go- ^ 

rilla. The flexor carj)i ulnaris is inserted into ^ 

the pisiforme in both Man and Ape^ but tlie Muscicsufthi roro arm ana hand, 

Heshy and tendinous jaarts are better defined, 

and the latter relatively longer and more slender in Man, fig. 23, y. 

The flexor carpi radialis arises in Man, fig. 23, 7 , from the inner 

eondylo, from the antibraehial Aiseia and septa continued there- 

Iroin betAveen the i)ronator teres, c, and [ailmaris longus, s ; but 

itt the Gorilla, fig. 24, 4 , it derives a eousiderable accession of 
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diaractcr of being part of the syBtem of tUe ‘flexor pi’ofuiul us’ 
in tlia ^ % 

1"he relatfons of the teiidons of llic superficial aud dee[) 
flexors to each,: other and to tlie digits are inucli alike in 
•Man and Ape, hut the tendons are relatively broader, and 
their restraining and strengthening sheaths and l)ands stronger 
in the Gorilla; those fi>nued hy the ol)li(iue decussating liga- 
mentous faseieidi, as in the mid-finger of fig. 23, are more 
dislinetly shown in Man than in the Ape. The muscles acting 
on the metacju’pal and first phalanx of the pollex — fig. 24, 22 , 

‘ alidnctor,’ il). flexor hrevis, il). 2 : 1 , adductor — are longer 
and more slender in the (Jorilla. The ahdnctin* in Man is shown 
at lig. 23, 17. In tlie (iorilla the ‘ alMlnetor minimi digit! ’ is shown 
at (ig. 24, 10 ; the Mlexor Inu^vis' at i! ; the tendon of the flexor 
piolhmhis at i.i; that of tlie Mlexor snhiimis' at o'. Two of 
the ‘ luml)ri(‘ah.‘S ’ are simwn at 14 and 28, and one of tln^ 
int(‘n»ss(‘i at 27, fig. 24. The carneous jiart of the c-ounnon 
extensor of tlie fiiigiu’s is continued to tlie wrist in the Gorilla ; 
three strong tendons go to the second, tliird, and fourth digits, and 
a fourth, less stnnig, to the (iftli digit. This digit also receives 
the teialon of an extensor minimi digit!, and tlie index a small ten- 
don of an ‘indicator’ wliieh is more eomjdetely blended with that 
of the ordinary extensor, besides l>eing more feeble, than in Man. 
The extensors of the motacar|)al, first and last, phalanges of the 
pollox, are present in tlie Gorilla, but of smaller size than in 
Man. 

In tiic Gorilla tlie jiortion of the biceps cruris derived from llie 
ischiadic tulierosity, and inserted, fig. 2o, 4 , into the outer jiart 
of the head of lll<^ tibia, is more distinct than in Man from ibat, 
ill. ■}, dcriv<‘d from the femoral linea aspera and inserted into tlie 
head of the fibula, and wliudi expands, r/, iijion the cnemial fascia, 
'file external gastrocnemius, fig. 2;), 7, continues longer distinct 
IVoin tlie internal, and both present longer but narrower an<l 
thinner carneous portions tlian in Man. The soleiis, ib. 8, arises 
exc.lnsivcly from the libiila ami is imich uarrow'cr than in JMan, 
where it also (h'rives fibres from the obli(|ue line of the tibia and 
li'oni tlie middle third of its internal Imrder, The margins of the 
tendon ot‘ tlie soleiis tlrst unite with those of the gastrocnemins, 
die middle [lart continues distinct to near the eal<*aneum. I’he 
plantaris luis not hoen met with in the Gorilla. The peronens 
kmgus, fig. 25, 0, has a longer carneous and shorter but thi(*kor 
tendinous ])art in the (iorilla than in Man: the course and 
hisertion of the tendons are the same. The peronens brevis,. 
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il). 19, very closely repeats the characters of that muscle in 
Man. The ^ til)ialis anticus,’ fig. 25# 17, commences by a Ijjroader 
and more flosliy origin, but gradually decreases as* it descends, 
nut swelling out into the wcil-rnarkcd ‘ belly/ ^as in Man: the 

tendon divides more distinctly and 
deeply to be inserted into the metatarsal 
of the hallux and the entocuneiform 
bone. The extensor longus digitonini, 
with the same relations at its origin 
to the tibialis jinticus and peroneiis 
longus as in Man, divides, after pass- 
ing under the annular ligament, into 
three, instead of four tendons ; the 
innermost of which subdivides to sup- 
ply the second and third toes. ^.1 h(i 
extensor longus liallucis sends its ten- 
(luii to the last phalanx of the hallux, 
as in ^lan. The short extensor ol llu,^ 
t(jes, ib. 20 , also sends oft a strong fasci- 
culus, 2o', the tendon of wbicli acts 
upon tlie proximal phalanx of tlie hal- 
lux. TlircHi other fasciculi send ten- 
dons to the second, tliird, and fourth 
toes. 

Tlic long flexors of the toes arc dis- 
tinguished in the ( iorilla, as in lower 
)>y tlieir relative J)o.sj- 
tion at the hack of the leg. The one 
toward the inner or tibia! 
side semis its teiuhm 
through a strong liga- 
mentous synovial sheath 
behind tin*, inner malleo- 
lus to tlie soie, where it 
divides into three chiet 
tendons which are con- 
nected Avitli those of the 
‘ flexor accessorius.’ lu 
fig. 26, the divisions of 
the long tibial flexor, i, 
are cut and reflected ; \<i 
goes to the fifth toe ; ^ 
the perforated tendon of the fourth toe, 4', reinforced by carncous 
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fihros Iroiu llie docper surface of the main tendon ; i J is the ten- 
don tlie last jihalaux of tlisc second toe. 


26 



lonjj; lihnlar flexor ul' the toes, arisini^* tVoin the liack part 
‘>l*tlie iibula and interosseous li:»'ainent, groiives l>y its tendon llic 
posterior |)art of the tibia, tin*, a.^lragalus and the ealeaneuui, and 
divides at the sob;, 2 (), 2, into tlic ])erforating tendons of the 
lialliiXy ‘-:r, the third, 2/», and the fourth, m, toes. Tlie ])()rtion of 
ilie ilexor brevis whudi rises from tlie caleaiieuin divides Into two 
tendons Avliich form tlie jierforated ones of tlie third, s\ and 
seeond, toes. The short museles oivint^ the gnisjung ]>owiM' 
to ilu; hind tlunnh are, s, abduetor lialliieis,’ ^ flexor hreA is 
Indlueis,’ 10 ‘ adtluetor obli^juns hallueis,' and 11, ‘ adduetov trans- 
versiilis hallneis.’ The, luinbrieales and Inteross(‘i are powerfully 
develojied. In the Oranjj; the long fihular ilexor sends no tendon 

tlie hallnx. 

fhe ordinal inodiiieation of the liind- or lower- liinlis for the 
whole work of sustaining and moving the body, in is 

aeeoinpanied djy well marked and considerable modilications of 
die toes, the chief of wlii(*h are illiistrated l)y comjiarison ol 
the figure, 26, from the highest ape, with fig. 27. The long 
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libnlfir flexor now becomes the * flexor longiis Inilhieis,’ and con- 
centrates its Ibrce oxcliisivcly on the tendon, 2, 2 c, which goes 
to the last plialjinx of the hallux, /; tliis tendon is twi(*e tne size 
of any of the divisions of that of the long flexor on the tibia! side. 
This is limited to the function inij)licd by the name ^flexor longus 
digitoriim pedis,’ its tendon, fig. 27, i, sending olf successively the 
[)e]*forating tendons to the second, third, t'ourth, and fifth toes. In 
fig. 27, are shown tlic insertion of the ‘tibialis posticus,’ lo; the 
"flexor brevis niiiiiini digiti,’ 7 ; the flexor brevis pollicis,’ inserted 
iiitt) the outer, 0, and inner, lo, sesainoids, the addmdor poHicis, 8, 
and the peculiar ‘ transversalis pedis,’ lo, arising from the under 
surface of tlie distal and of the filth metatarsal, crossing tliree of 
the other metatarsals, to be inserte<l into the outer sid(j <d‘ the 
proximal [halanx of the hallux, Idending there with that of tin* 
‘ adductor ]K>llieis.’ 

The heel being the levei-power by which th(‘. whole sui>erin(‘um- 
bent w'cight of the body is raised in the peerdiar ‘ w alk,’ or bipedal 
gjiit, of !Man, muscles that arii distim^l in qiiadru]>eds are here, 
contrary to ordinary riih^, blended, or have a eoinmoii insertion. 
Not only the outer and inner gastrocnemius, but the soleus, and 
even the })lautaris, might be regarded as so many origins of the 
same muscle, wdjich oonilunc and eoiurcntrate their foj’ces upon 
the ealcaneum. 

'I'lic ^paiiniculus cariiosus’ of quadrupeds is redu(*ed in Binnuta 
to the ^ platysina inyoides,’ fig. 28, //, whieh (‘xtends from 

the up])er and fore part of the <rhcst upward over the front and 
side C)I the neck to the. inandil)lc and lower ])art of tlu> w hore 
the two muscles meet Ifclow' the symphysis. Tlie niid<lle fil)rcs 
arc attached to tlie base of the jaw, and jiosteihu’Iy ascamd t(» tln^ 
fascia of tlie masseter ; the anterior ones ascend with the dcpn‘ssor 
anguU oris and quadratus menti to the lower lip and angle of llui 
inoutli. In many in.stanees there is a strip from the parolifl fascia 
which eon verges to this augl(*, and constitutes the ‘ risorius San- 
torini.’ The j>latysnia <Ii'aw's <lown the lowTi* ]>:irt of the face, or, 
!]y a slighter aetion, tlie lower lip: the ‘ risorial ’ slip temls to 
raise the angle* of the mouth. Most of the muscles of the face* 
are attaelu il at one jiart to bone, at another to skin or to some other 
inuselo. Th(i skin of the liiiman face Is remarkable for its tenuity, 
flexil)ility. and abundant snjijdy of vessels and nerves; its vaseu- 
larlty tinting the eheeks and li])s : it is more adherent and the 
subjacent eellular tissue is denser along the median line than at 
other parts. 

The ‘ orbicularis ori.<,’ fig. 29, o o, has no attaehniont to bone. 
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It consists of two soini-elliptic planes of inuscular fibres wliieh 
surroinul tlie inoutli and iiit<n*lacc on eiilier side witli those of 
the ^ bu(‘cinals>r ’ and other dilators of the onil oi’ifice. The ex- 
ternal or peri|)lieral surface adheres to. t.he skin, the internal or 
posterior surface is eovored by the mucous membrane of the 
month. Acting as a whole it closes the moutl), bringing the lips 
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in contact and pressing them firmly together, hut the ii]»])er and 
lower halves can ac.t se|Kirately, or flu* fibi*cs of o!ie side may 
<‘ontra<;t while the others arc quiescent, so that dilfererit parts of 
the lips may he moved hy dilferent portions of the muscle, which 
•nay be regulated or antagonised by the nuiseles wliicli con- 
verge to ilic mouth. A jiair of accessory strips to the orbi- 
crilaris, ^ aecessorii orbicularis siiperioris,’ rise from the alveolar 
herder of the premaxillary, and arching outward on each side are 
continuous at tlie angles of the mouth with tl\e other musch‘s 
th(‘re inserted. A second pair, ‘ naso-labiales,’ d(‘S(*cml from the 
of the nosii to the u])per lip, but wdth an interval, cor- 
n'spoiiiling with the ilejn-essiou (»ii the skin beneath tlrat sct>luni. 
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The Mevfitor labii siipcrioris/ fig. 29, /, arises from the loAvor 
inarirni of llie orbit, ami desoejuls to be inserted into tli^ orbi- 
ctdiu-is and tlio skin of the upper lip. The ‘ levator anguli oris,’ 
fiir* 29, (\ arises below the suborbital forainosi and descends, 
inclining outward, to the angle of the mouth, blending its fibres 
with those of tlio zygoiuatici and orbicularis. T'lie ^ zygoiuaticiis 
major,’ fig. 29, a, is cylindrical, rising irom tlie malar and de- 
scending obliquely inward to a similar insertion at the angle of the 
mouth. The zygoinaticns minor, fig. 29, a, arises in front oi the 
7 vg. major, and jjassmg downwartl and inward to the angle ol 
the mouth, wbere it is continuous with the (uiter margin nf tb.e 
levator labii snporioris.* The levator inenti is a conical iascicnliis 
arising from ibc incisive fossa oi I be mandible, (‘xternal to the 
symphysis, and expanding as it <leseonds to l>e inserted into Iho 
integuinent tif the skin. The ‘ depivssor lal>ii inie.noris,’ fig. oO, 
^/, arises from the inner half <»f tin* extorjuvl o!)li(pie line ol the 
mandible, and is ]>artly also continued from the ])iatysma: its 
fibres ascend, inclining inward to be attaclied to the lip, wbere 
thev blend wiih those of tin* orbi<mlaris oris. 'I'he ‘depressor 
anunli oris,’ fig. 29, /, arises from the external oblique line of the 
mandible ; its fil^ros ascend and converge t(» tlic angle t»r commis- 
sure of the lips, blending nith tlie other ir)serti«»ns at tliat part. 

’’riio biiceinator, fig. 3(), ari-es from both upper and lower 
jaws and the ptervgo-maxillary ligament : its fibres line 
the cheek and converge toward the angle of tlie month, where 
some decussate, the lower oin\s going to tlie n]»per segment of 

the orl)icnIans, the upper ones to 
the lower segment, while other 
filircs are con tinned forwanl into 
tin* corresponding lip. The bne- 
cinator acts, in anlagtmism with 
the orbicularis, in sjfirting fluids 
from the month and in jilaying on 
wind instruments. J n mastication 
tlie buccinator |iress(*s tlie food from 
between the (*heek and gums into 
the cavity of the nioutli. It assists 
also ill deglutition when the mouth 
is closed, by jiressiiig tlic food back- 
ward. The ‘ levator lalfii snjierioris 
ahetiuc nasi ’ arises from the nasal 
process of tlio maxillary, descends 
obliquely outward and divides, a slioi’t strip being attached to 
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the cartilage of the ala nasi, the outer aud longer strij) to the 
skin of the lip Jicar ijie nose, and hccoiniug blended Avitli 

tlie orbiculari# and levator labii proprius. The ‘ triangularis nasi,’ 
or ‘ eouii)ressor ngtris,’figs. 29, and 30, n, arises from the maxillary 
external to the incisive fossa : its fibres proceed ui)ward and 
inward, exj)anding to an aponeurosis continuous, over the bridge 
of the nose, with that of tlie ()i>posIte muscle. The ‘ depressor al;e 
nasi ’ is a short flat muscle radiating ujiward from tlie myrliform or 
incisive fossa of the maxillary ; it sends u[)per filircs to tlie septum 
and back part of the ahn nasi and lower ones into the orbienlaris 
oris. Tlie ‘ orliicularis jmlpebrarum,’ fig. 29, o, surrounds the 
ojhit and eyelids ; it arises from the internal angular process of 
tlie frontal, from the nasal process of the maxillary , and hy a 
short tendon at the inner angle of the orbit. It rapidly expands 
to form a liroad thin elliptical j>lano of fibres: the j>al|)cbral por- 
tion is thin and pale: the orbital portion is thicker and of a 
rod<lisli colour. Tlic action of tlic muscle is tliat of a spliincter, 
the enrved fibres in contraction a])proaching the centre : but as 
they are fixed at tlie Inner side the skin to wlrieli the ninscle is 
attached is drawn toward tin' nose, and becomes corrugated into 
jolds which converge toward the iiiiicr cantlnis. The ‘ comigator 
snpen'ilii, Is a small triangular muscle placed at the inner end of 
the ('yebrow% arising from the same end of the superciliary ridgii: 
its fibres pass u[)war(l and outward to be inserted into the under 
siirliKH? of the orbicularis jialpebranim. It depresses the eye- 
lu'ows and, in conjuiietion wdth its felhnv, throw's tlic integuments 
int«> vertical folds as in the, act of frowning. The ‘occipito- 
Irontalis’ consists of an anterior and posterior earncous expansion 
united by a broad ‘ epicranial,’ aponeurosis, Tlie anterior musele, 
lig. 28, /’, I’onsists of two lateral portions, each coniieidod iii- 
(eri«)rly with the integument of the corresponding cyc'brovv, and 
slightly ovcrlajipcd by the ‘ orbicularis.’ Tlie postcric>r or oc- 
cipital portion, ib, o, also consists of a pair, a ttached infcrlorly to 
tlic upper curved line of the siipcroccijiilal, and to the mastoid. 
The fibres are parallel and nearly vertical. The action of this 
muscle is most apparent upon the skin of tlie f‘orehoad and the 
eyebrows: it raises the latter aud throws the funner into trans- 
verse wrinkles. 

§ 202, Locomotwn of ]\Iamrnah. — In the movements of the 
human frame the three kinds of lever are exemplified. Those of the 
head iqion the atlas are on the principle of the first kind, fig. 31, 
in which the fulcrum F is between the power r and the resistance 
When the hody is raised on tip-toe liy the action of the 
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inuseles on tlie lieel-bono, A, the action is that of tlio socoinl 

kind of lever^ in wliieh the resistaTKi^^ (of the tibia on the astraga- 
lus), as in fig. ;12, W, is between the fnleruni v (attbrded by the 
ball of the liallnx), and the power a (tendo achiyis). 



T.ovrr Ilf IJi*' flr^t kiinl. lAM'or cf Hio - ri* Mid kind. 


In lifting a weiglit in the hand hy motion of the fbre-ann only, 
fig. 33, the elbou-joint is bent; the ])OW(‘r (oi' the Ilexors «»f the 
tore-arm) being applied (as by tlie bi(‘eps, /)) at //, between the 
fulenini (elbow-joint) /', and the resistanee w or A, according to the 
third kind of lever exemplified iji tig. 31, 

The mechanism of the jmlley Is exemplified in the passage ol‘ the 
tendons oftlie poronei muscles through (In' groove «>f (In; e\t(‘nial 
malleolus of the human ankle-joint, iu the tendon of the obluratnr 



interruis gliding through the groove in the os iseliil, in the tendon 
of the eirciimilexus palati ]>assing tlin)ngh tlie hamular ]»roeess of 
the sphenoid bone, in tbe tendon of tlie obliquus superior gliding 
through the ring atiaehed to the frontal hone, anrl . in several 
otiiex instane(.*s- where a ehangc of the directions of tlie limbs 
results from toiidons passing over joints, through grooves in 
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l)onos, or iiii<lcr Hoamciits, by which the muscles arc capalilc of 
protlueing effects on distant organs without disturbing tlie sym- 
metry of the* body, an effect Avhich, owing to the limited i)Owcr 
(.f contraction in,the muscles, could 
l>e aec(»m])Hshed in no other way. 

The joints in the mammalian 
skeleton arc chiefly of two kinds, 

‘ ginglymoid ’ or hinge-joints, and 
‘ cnartlirodial ’ or ball-and-socket 
joints. In Man the former are less 
definitely flttcfl for motion on one 
plane than in most brutes. Tlie 
arm and fore-arm move in concen- 
tric |)ljmcs nj)on tlie elbow-joint; the knee-joint allows a certain 
rocking motion of the leg ufion the thigh; the ankle-joint has a 
greater lalilude of motion, and the foot may be directed ont of 
tlie ]!lane oi* tiui leg’s motion. 

Aina >s])!icric )>ressure exercises its infliicnco njion joints. Dr. 
Arnott estimates the aniomit of that on tlie knee-joint at fiOHis. ; 
W^her of that on the hip-joint at about 20 lbs. : in the lu})-joint 
of the Megatherium the jiressurc could not have been less than 
loOlbs. 

A. StrinnttiiKj, (Quadrupeds with inflaleil lungs are of less 
^peci^ic gravity than water, and swim liy alternate extension and 
liexion of their legs; tlu; elleetivo stroke heing the act of‘ extension, 
when the limb presivnts a larger area to the water than in flexion : 

I his is seen in the Horse, whieli strikes the water with the ex- 
jjanded and snbeoncave surfai'o of* the hoof, luit draws the convex 
conical ])art through tlie water in the liendiiig of the limb jire- 
paratory to the next effeelive sin?ke. In the best water dogs tbc 
digits are connected by webs, which are strctclied in the back or 
d )wn-stroke, foldetl in the return movement. The feet of the 
Otter are broader, (‘S|)ecially the bind ones, and more fully palniated . 
fflie Seals and Wliales have the limbs fashioned as fins. 

Man, with tin? cliest well expanded, is lighter than water: the 
presence of mind whieli eountovacts the tenden(*y [irodneed by 
immersion in a eohl and dense medinin to expel the air from the 
lungs is the first safeguard against drowtiing ; and next, if the 
art of swimming lias not been learnt, to keep tlie head immersed 
to the mouth and in>se, and to refrain from ibc misdirected 
struggles of tenor wbicli tend only to liasten on the catastrophe. 

In swimming, the hands and feet are employed so as to present 
the greatest surf’aco to the water in the effeeti vo stroke, the least in 
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the preparatory movement ; in this tlic hands arc brought near the 
mesial plane, with the palmar surfaces parallel to each other ; 
they are then thrust forward by the extension of (he arm, with 
the points of the fingers in advance to cut tbe whaler with the 
least resistance ; w lieu the hands have nearly reached tlicir greatest 
distance from the centre of gravity, they arc rotated by pronation, 
so that the iialins are directed at an obli(]ue angle outward and 
downward ; they are tlien i'orced liackward by the abduction of 
the whole arm through a large arc of a circle, liaving the shoulder- 
joint for its centre, and tiic length of the arm for its radius; the 
forc-arm is then flexed, and carried into its former ])osition jire- 
paratory to making another stroke. During the extension of tlio 
arm, the feet are <lrawn Inward the centre of gravity, w^ith their 
convex surface directed ohliqucly backward by the extension nl 
the ankle and flexion (>f the liip and knee joints, and during the ab- 
duction of the arm the fiat surlaccs of the feet are driven forcibly 
liackward and dowiiivard by the sudden extension of the leg. 
From the ratio of the areas of the hands and feet, and the ratio 
(»f tlie (lilference of tlieir velocities in the two strokes, there results 
such a prepomlerance of tlu'. force in the vertical direct ion upward 
and in the horizontal direction forward as is suflieieut t(» keep tlui 
resifnatory openings above the surface of the water, and to over- 
f^oine the resistance wliicli the water opjioses to the motion of the 
body, due to its figure and velocity. 

B. Mocutff (HI Lan(h -\n maminalian (|uadrnpe<ls the limbs 
are usually long, and support the trunk horizontally, uplifted 
from tlie ground, as on columns expanded at llieir base. The 
uppermost long bone is single, tin* next two form a pair, side by 
side, and these rest on more numerous ossicles, transhuTing the 
weight upon the liase of tw^), three, four, or five diverging |)iles: 
the single hoof of the Ib»rse seems an exei^ption, but it, too, ex- 
jiands to its base, '.riie shafts of the long liones are hollow', 
agreeably with llie princijde of combining greatest strength with 
least weight, Aeeonling to the lightness and speed of the quad- 
ruped, the Iiinl)-boiies are inclined to each otlier’s axes at a 
greater angle. In the colossal Elepiiant and Megatherc they 
rest on each other almost vertically, in supporting the trunk. 
The horizontal trunk and j»rodue(Ml liead and neck of quadrupeds 
cause the largest proportion of the weight to full upon the front 
pair <»f supjiorting columns, of wdiich, aeeordingly, the angles of 
the joints are less, and the direction more vertical than in the hind 
pair, as is well exemplified in the hoofed kinds (vok ii. figs. 307, 
309,310). 
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In walking, the Horse, if the right side be in advance, moves 
first tlie left liiml-lcg, second the right fore-leg, third the right 
hind-leg, foul*th the loft fore-leg; propelling the centre of gravity 
forward over a space equal to the length of the first step. When 
ilic left liind-leg is in the act of advaiicing, the trunk is supported 
{>11 the other three legs and is balanced on a triangular instead of 
a |>aralIclograininical l)asis. A succession of movements of the four 
legs, in tlie al)()vc order, constitutes the progression by walking 
in most quadrupeds ; its rapidity depends on the time occupied 
in the series of movements by which the limbs effect the s^op. In 
a. large wcll-nuide Horse one foot may move the length of a step 
ill a second of lime, when eacli leg may swing during one quarter 
and rest: on the ground three quarters of a second. lva|)id walkers 
do it in less time, and the interval between putting dowji one leg 
and lifting another becomes liiapprcclalde. In (|uadrnpcvls with 
limbs uniisnally long in j»ro])ortion to the trunk there is a modifi- 
catuni of the act of wtdking ; the Camel and Giraife seem to 
swing along liy moving the two right limb>s together and alter- 
nately with the two lt*ft limbs. But, thougli in a quick walk the 
two legs of the same side seem to be moved forward simul- 
taneously, and are botli off the ground at the same time through 
tlie greater part of the step, yet on close inspection the hind-leg 
is seen to lx* first lilted from the ground, and after a very brief 
interval tlu! fore-l(‘g o(‘ the same side.^ In this way of walk the 
trunk is balanced on a linear basis of supj>ort, alternately trans- 
fciTod from one side to the other. In tlu‘ Girafi'e the long uoek 
is then stri tebed out in a line with the back, giving the animal a 
sllif and awkward ap]>carancc; l)ut this is lost when they eomnieiiee 
tlu'ir graceful undulating amble : 

Ihe motions of the legs ai’c now 
]u;culiar; the lund-i)aiv are lifted 
alternately with the fore, and are 
earried outside of and beyond them 
l>y a kind of swinging movement.'^ 

In the pace of the Horse called 
the ‘ trot,’ the legs move in pairs 
tliagonally, those marked n, E, fig. 

•15, e.g. being raised as soon as A, 1>, 
strike the ground: the bases of sup- ;p 
port are alternately in the lines A, t>, n, E ; and the undulations frmn 
tlie projeetion of the trunk arc in the vertical, not as when walking 
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ill llie liorizontMl, plane. Moreover, in the rapid trot, each leg 
rests a short time on the ground aiuh'swings a longer time. 

The gallop includes three comhinations of movements of the 
limbs. When the Horse begins the gallop on the right hind-leg, 
tl\e left one reaches the ground first; the right liind and loft fore- 
legs next, simultaneouslv, and the right I’ore-leghist; tliisis termed 
iXxQAfifUop iff three beats. In the gallop where tlie four legs strike 
the ground successively, the left hind-foot reaches the gnnind 
first, the right liind-foot second, the left Ibre-fbot third, and the 
right furc-foot fourth; this is the ‘canter,’ ov (fallop of four beatSy 
but it is not the kind of movement adapted lor great s])eed. The 
gallop wherein the legs folhiw the same order as in the trot — 
that is, the left liind and riglit fore-feet reaching tlu 3 ground simul- 
taneously, then the right hind and left fore-feet — is tlie order in 
which horses inovi? their feet in racing, when? the greatcw^t speed 
is re(iuired, and is <*alled \\\Q </albfp of tiro heats. In the ‘ ainhle,’ tin? 
two logs on one side rest on the ground and propel the centre ol‘ 
gravity forward, whilst those on the opj)osite sid(? are raised ainl 
advanced, and, on talcing a now position on tlu‘ jdane of motion, 
the former pair are raised and advanced in a similar mamun*; 
these .sue<’essivc actions are acc'ompanied hy consi<lei’ahle lateral 
motion, llns reseinhles the gallop of the ( Jiraife, and is a result of 
special training in tlie Horse. In tin* ordinary gallop, tin? centre 
of gravity moves in a vertical plane, and deserihi's the path of a 
[irojeetile. The space jiassed ov(?r on tlie plane of motion is equal 
to tlie horizontal vidru'ity of tiic centre of gravity multiplied by the 
time. Aeeording to Sainliell, tlic horse Kelipse, wlicn galloping 
at liberty and with its greatest speed, jiassed over the space of 
twenty-five f(*ct at each stride or leaji, wlncli he repealed 2,J times 
ill a second, being nearly four mih‘s in six minutes and two setMinds. 
Flying Childers w: IS computed to have passed over eighty-two fe(‘t 
and a lialt in a second, or nearly a mile in a minute. In hofh 
these famous racers the muscular system had been allowed to gain 
its full de\ f‘lo])(‘m(‘nt, as at four years, heforo lanng exciroisod fin* 
the course; modern im[;atience strains and spoils tlic muscles liy 
the chief jirizes l>eing allotted to three-year-old horses. 

In many -Marsupials and ilodents the hind-legs are sliorter 
than the fore-legs, the disproportion being greatest in the Kan- 
garoos and •levhoas. In slow jirogression tlie Kangaroo sup[)orts 
tlic body on the tail and fore-legs, while the hind-iegs are .simul- 
taneously moved fin* ward out.sirle and in advance of* the fore-legs; 
the base of support being here transfiwred from a triangle to a 
tran.sverse line. In full speed tlie tail is rigidly outstretched to 
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afford a firm fulcrum to muscles passinj^ from tlic caudal vert(;l)nc 
to the jx^lvis aud liiiul-Hmf)s*: the sliort forc-limhs arc tucked up 
to the (’host so as to oiler the smalh^st surface to the aii*, and the 
auiuial ])rogr(:ssf!s in a series of hounds hy simultaucous ruovc- 
nu'uts of the lund-liinl)s. 

Tlie .Ral)hit, in moving slowly, ndvaiu'cs the iore-feet two or 
tliree steps alternately. The body being thus elongated, the hind- 
legs are suddeidy extended aud drawn forward simultaneously : it 
thus, as it Avere, Avalks with the fore-legs, and leaps with the hirub 
The Hare is under disadvantage with its long hind-limbs in 
running doAvn-bill, <»wiiig to the great inclination of the axis of 
the trindv to the plane of nu>tion, and it usiially zigzags as it 
descends; hut it gains pro|)ortionally -in the as(*enl, audits speed 
on level ground, through tlu' size and strength (»f the chief |U‘o- 
polling limhs, is very great. The? degree of He.xion c>f the trunk 
accosnpanying the movements of th(‘S(‘ and other qnadi npeds is 
indicated l)y that in which the neural spines converge toward I he 
single vertical one marking the centre of inotifui, and it is 
(M)nnnonly greatest in the unguienlate quadrupeds. 

The vertieality of the long and narrow tarsus aud metatarsus 
l>r()du(dug the ‘ (ligiligradc ^ charaeter of the tv])e Cantuwra^ eoui- 
hin(‘s Avith tiu' geometrical aud physical relations of the other parts 
of tlie limbs to give them their superior speed and agility. In the 
Dogs and Cats the ohliqno scajjula, being unfettered hy bony 
(clavi<*nlar) eonneetion Avitli the sternum, enjoys the freedom <»f 
Kdation Avhich ehararterises it in tin? sAvlft Ungulates, '^fho 
humerus in the Lion (vol. ii. tig, has its axis directed down- 
ward aud backward, torming Avith that of the s<*apula an angle of 
l it)'. Tin; olecranon |)rojeets so far ladiind the axis of n»tation 
in the (dhow-joitit as to ('(Uistitnte a powerfrd lever for tlie exten- 
sors of tiu' tore-arm. The hiiid-limhs arc longest, and the hones 
are ineliued more obliquely to each other than in the fore-limbs, 
Kubservieuily to elastieity aud jiower in springing. The ealea- 
neuin is prodneed on the same principle as the olecranon, hut 
lorius the more powerful lev(!r of the two. The last perfection is 
given to the limbs of Carnirord by the- modilieations (»f the toes of 
I eliues, Avherehy their trcail is noiseless, and the claws exem|)t 
Iroin the Avear and tear of progressive motion. It is effected l>y 
joint allowing the ungual phalanges to he brouglit in extension 
above the middle ])halangcs, elastii*. ligaments being adjusted to 
l<<'(‘p the joint so extended, and by a tliiek cushion of soft elastic 
^nlistance beneath the joint or parts of the i)halanges transmitting 
fiu) Hupcrincuinbcnt Avcight to the ground. 
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In the toes of the fore-foot the last plialaiix is retracted on the 
ulnar side of the second jdialanx. The princii)al elastic ligament 
arises from the outer side and distal end of tlie seefind plialanx, 
and is inserted into the uj)j)er angle of the last })balanx : a second 
arises from tlic outer side and ]»roximal end of the second phalanx, 
and })asses oI>li(|uely to be inserted at the inner side of the l)asc 
of the last phalanx : a tliird arises from the inner side and 
proximal end of the second |dialanx, and is inserted at the sanuj 
point as the preceding. The tendon of the ‘ flexor profundus 

porforans’ is the antagonist of these 
ligaments. Tlie toes of the liiud-foot 
arc retracted in a difforeut direction, 
viz. dir(‘<‘tly upon, and not by llio side 
of, the second phalanx; and the elastic 
ligaments are dilferently disposed. They 
are two in nuniher, arise from the sides 
of th(‘ se(Mmd phalanx^ and converge to 
1)0 inserted at tlie superior angle ol’tln^ 
last ])halanx. In fig. 30, r/ is the pair of elastic ligaments; b, 
the tendon which juills out and works the claw; r, imhistie. 
ligament continued from tlie ^ extensor’ tendon, wliieh is mainly 
inserted into the second phalanx.^ 

The main piiriiort of the modificatityns of t lie motory system in 
Qiuidt'iimana is to make them cllmlicrs. 15y the develc[)ement 
;ind direction of the hallux the hind-foot is converted into a 
hand, witlinmisnal ])owcrof prehension, especially in the ( Jorilla ; 
the joint of tliis hand is so modified as to give it a free motion 
excentric to the axis of the leg, wherehy its outer edge is applied 
to the ground: the whole hind-limb is .shortened, disproportion- 
ately so in tin; best climbers (vol. ii. fig. 180), in which also llie 
hind-limh may be iinfettcrc<l, for its acts of manipulation, by the 
absence of the " ligainentum teres’ of tlie hip-joint (/b’lbrrm). 
The lengtli of the iliac bones relates to elongation of the mu.scle.s 
for rotating tlie bind-limb and band more <[nlckly and ihrongh 
gieaicr spaces. (lorrclatlvcly, tlic scajnilar arch approximates 
to the condition of tlic pelvic one by the extension of com[)lcte 
clavicles to the manubrium, and the head of tlic humerus is re- 
ceived into a deeper and more .secure socket tlian in llimaun. 
This is well exemplified in the long-anned Giblions, which enjoy 
the peculiar mode ()f locomotion called ‘ liracliiatlon.’ '^fhe body 
is set into pendulous vibration by the action and reaction of the 

‘ 'l'Ii« dissectioMiS of lh(; Lion’s hot sliowiii*' the ahovc-descrlhed modiliciitioiis of 
tin- olasti*' luraJnvTits are Nofi. and Cliy.^iol. Series, vol. i. xx. 
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niiLSclcs of one arm and of the trunk, the force finally attained 
ami the swing being such as to propel the animal some distanc(j 
tlirough thcliir; a bough is seized by the opposite out-strctchcd 
arm, and the momentum is apj)licd in aid of a repetition of 
tlie action to gain a longer launch. 1 have myself witnessed, in 
the London Zoological (Jardeius, an aerial lea}) of upwards of 
(iftcen feet so cfiectcd by the long ai nivS of a captive Ilylobat. 
i\L Duvauccl, obwscrving them in their native forests, testifies to 
their j)assing through a distance of forty feet from bough to 
bough. Mr. Martin, when curator of the Zoological So(5ietv’s 
jMiiscurn, watching the same female IlylohiiUii nyUlH which had 
been the subject of my own study of the l)ra(*biatiug mode of 
motion, states that, ‘ a live bird being set at liberty in her jirc- 
sence, slie marked its tligbt, made a long swing to a distant 
brancli, caught the bin! with one haml in her ])assage, and at- 
tained the branch with her other band, her aim both at the bird 
and lli(? l)raiich being as successlul us ii‘ one object only bad 
gained her attention.’ * 

In most of the Platyrbine monkeys the tail is jn'cliciisile, and 
b(‘coincs, ill AIcU'h more esjiocially, a fifth imlejiendcnt organ of 
grasping.^ 

In ordinary [irogrcssioii on the ground the Qaadnnnana move 
as (|na<lrupeds ; but the bigb(‘r tailless Catarrliiues ( A])es), in- 
stead of s(‘ltiiig the })alm or outer margin of the fore-hands, 
like tlie inferior famili(»s, to the groinul, a[)])ly the back of the 
second phalangc^s of the tlexed fingers, the skin covering which 
has a liroad and thick callosity, wdience these ai)es are sometimes 
called collectively, ‘ kniiekle-walkers.’ The longer-armed kinds, 
in slow movement, ,su])port the body u|)on the knuckles, as 
upon a j)iur of crutches, and swing the hind-limbs forw'ard 
Ix tw^eon them. In more ra])id movement they sw^ay the trunk 
and hind-limbs in a sort of siilelong sweep, progressing by a kind 
of shambling amble. The tracks of the Gorilla show this to be 
the habitual mode of |)rogression along the ground.'^ Station or 
motion on the lower limbs only is shown to be (lilliculi by its 
awkwardness and the sbDi’tncss of time during which it can bo 
maintained. The walk is a w^iuhlle from side to side, the buge 
suiierincumbent body being balanced by sw inging movements ot* 
the long arms, or by elasjiing the hands beliind the lictul. AVben 
«o {)urRued as to bo driven to stand at bay, the Gorilla, like the 
’plantigrade Bear, raises himself on the liind-luuids, sa) as to have 
kis ])owerfnl arms and fists free for the combat. 

■'* MU", p. sail. 
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The Bimana are as expressly a(la])te<l to station and movement 

on the ground as arc the (Juadru- 
mana toelimbing in thetbrest. Th(?re 



isnoknown eonnocting linkbetwecii 
the lowest variety of Man and tin* 
liighost s{)ecies ol* Ape. Xo animal 
is .serve<l by arms, at once so large 
and variously tlexilde and applica- 
ble as l\Ian ; in none are the termi- 
nal divisions of the limb so divStinet 
in their power and a(la|)tibilityj 
The mechanism of tlie verlel)ral 
cifinmn and limbs whi(‘]i makes 
]Man a ^ plarillgrade l>i].cd,’ and tin? 
only one in tlie Animal Kingdom, 
is as ])erfcct in the Mi neopier 
.Viistralian, or IJoschisman, as in 
the most advan(*ed mem.ber of the 
white race. Tlie locomotive Irame 
oi‘auy vant?ty would equally serve 
as the snbje<4 of such elaborate 
analyses ol’ the meduinical condi- 
tions of ^ standing,’ ‘ walking,’ ^ run- 
ning,’ ‘ leai>ing,’ tS:e. as have been 
given by Horelli,'* Ibnibez,* Rou- 
lin,’ derdy,'’ and W. & E. Weber,” 
to wliose works, and csiurially tlie 
latter, the reader is nderred for 
tins inti'i-estiiig Iirancli of Animal 


^lechanics. 


* LMV. ' XXXVH '. ^ rxXM’, 

* XIV”, •' XV". ® XVI”. • XU ’. 

Figure 37 cxfmj. lilies a Man .stoopinjij with a loail, and snslaincd in that position 
by ih<; j:^lutci, f, the (piadvicejts feinoris. y, .and the j^aslrocneinii, /. If tlic weijrlif /• 
be 120 IhfJ., that of th<; bearer 150 lbs., and if the line r s be the direction of the (oree 
of ^ravify cuttin;: the bniiur and tibia in c and .r, the eentn* of j.;ravity of tlie .Man bein'? 
iit b, anti the eoinnion centre of ;jTavily of the Man and his load at o, then tli (3 wei;,djt 
of the Man from the head to h will be '5"lbs. 75 lbs., and that of the .section b 

to c, by supposition, 47 ; then furc the weij?ht of tlnj arc a b c — 75 + 47 122, 

also by supposition tlv* s-ction r. v x - 20, and conserpiently the whole arc a b v x 
142; the di.stanees of the directions of the inu.seles from the axes of tho joints to 

the distances of tlie line* of ;j:ravity arc, accordinp; toBorcIli, in the following? ratio, - 

^ the distance/ b is to tlie di-t inee m b as l is to 8 ; J o v in to / u as I to G; J b d 
is to p d as 1 to 3 ; and / v to b in as 3 to 4 ; hence he derived certain proportions, 
froiu which he estimated that tin? extensor inuseles of the le;?, to .sustain tills 
exerted a force = 0032 lbs., being mow- then fifty limes the weight. 
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CllAPTElt XXVIir. 

NEUV(U:s SYS’I'KM OF MAAIMALIA. 

§ 1 ^ 03 . Mt/rlon, — "riie rnyeloii hi Mniinnals, 
us in Bin Is, quits, in the course of dev elope- 
ment, the liinder part of tlie neural canal, inov- 
in<j; and eoncentrallng torvvards, and leavinii; 
tlic concomitantly elonjratiMl roots oftlie nerves, 
h(‘t ween their places of exit at the intervertehral 
I’oramlna and their places of attachment to 
tliC my cion, as an indication of the primitive, 
extent of tlic nervous axis. 

It is remarkable that tlie ^Vlonotrematous 
fader, so rcv^trieted in its representative genera, 
vshonld ])resent the two extremes of this deve- 
lopcanental dillerence in tlie length ol‘ tlie 
inyelon. The Ornithorhynchns Iiardly departs 
from -the condition of the lizaril, the inyclon 
extending into the sacrum, and having the 
inlravertehral nerve-roots limiteil to the slairt 
canal of* the caudal region ; whilst in the Echid- 
na, fig. oS, tlie inyclon moves forward to the 
middle of the dorsal region, r/, where it ends 
in a j)oint, and leaves all the canal behind 
occupied hy the elongated mirvo-roots and 
shrunken emptied myelonal sheath, answering 
to the ‘ cauda eipiina ’ and ‘ fibun lermiiiale’ of 
aifthropotomy, Imt of <?xtrafirdinary length. 

In the Ornilliorliyncluis tlie inyelon fills 
closely the neural canal: it is thickest at its 
commencement and at the lower two-thirds 
ef the cervical region ; it is more slender 
ill the ba(^k, especially near the loins; It is 
slightljf enlarged in the lumkar region, and 
gradually t(?rmlnates in a point at the end of 
the sacral canal. The short and thick inyelon 
of the Echidna presents tlic two usual enlargc- 
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iiients, giving origins rcKSpcctively to the nerves of the pectoral 
and pelvic extremities, the slightly contracted intermediate por- 
tion being extremely sliort. 

In tlic Marsupialia the inyelon usually extends to the sacrum,. 

and presents both brachial and p(‘l- 
vic enlargements which correspond 
with the relative size and ninscii- 
larlty of the extremities to which 
they furnish tlie nerves ; the latter 
enlargement is consequently most 
marked in tlie Kangaroo, 39, Init 
does not exluhit the rhomboldal 
sinus of this ])art in Birds, The 
disposition of the layer of grey 
matter enveloping the central m<i- 
dullary tract in each lateral moiety 
of the chord is show'n in tlu* 
(fJT) three situations inai*ked i, * 2 , and 
a; the superior expansion and com- 
j>lcxity of the grey matter in tlu; 
anterior columns of . the pelvic en- 
largement, a, a(‘conl.s with the pre- 
dominance of the h)coin()tive oven* 
the sensory functions in the^long 
kfjfy and strong saltatory legs of the 
Kangaroo. 

In the Ijss(ncrj>htfla wo. liave 
again exain])Ies of the (M)mjenti'a- 
tivc protraction of the inyelon into 
the dorsal region, as e.g. in some 
Chviropf.era and in the Iledgehng. 
From the (M)incidcnco of tlic condition 
of the inyelon wdth the teguinentary 
(‘overing in Erluactus and Echidna^ wo are led to ask, wlictircr 
the shortness of the solid chord, and the great length of tlic suc- 
ceeding nerves within the neural canal, liavc any physiological 
relation w ith tlic lialiit, common to both the [ilacental and inouo- 
trcinatous hedgehogs, of rolling the body into a ball when torpid 
or ash^cp, or w'hen the tegunientary annour is cm ployed in self- 
defence. In the bat it would seem to be conc-oinitarit with the 
reduced size and fiinctioir of the pelvic limlis : but, in tlie Noctules 
( VespertUu) noctala), the myclou extends to the lumhar vertebra?. 
The anterior enlargement Is the chief om* in Clmnypbmi, and is close; 
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to the medulla oblongata, as it is likewise in the Cetacea. In most 
Jiodentia the myelon terminates in the lumbar region, but in the 
nibbit it extends a little way into the sacrum. In the mouse the 
relative |)roj)ortlcu of the ruyelon to the brain is as 22 to 100, 

In tiie Cetacea and Siremuy the myelon ])resents only the 
nnt erior enlargement, which is very near Jhe bn * i, and is remark- 
able ibr the <*lose aggregation of the origins of the nerves from 
that ])art. The myelon is closely invested by the dura mater, whicli 
is directly j^erforated by the nerves, and the sheath terminates 
at the pointed end ol' the myelon, not being continued as such, 
over the ^ eauda equina.’ The myelon is small in proportion to 
the size of the l)ody, sliows the central canal, and, Hunter 
remarks, ^ is more fibrous than in other animals ; Avlien an attempt 
is made to l)reak it longitudinally. It tears ^yith a fibrous a])- 
peavance, but transversely it breaks irregularly.’* 

In the Elejibaut the dura matin' surrounds the myelon less 
closely than in the Cetacea, and the roots of tlie nerves have a 
hmger course within the sheatlu Jn tlie Giraffe^ 1 found the 
inyelon closely invested by the dura mater, whicli was thinner on 
ihe (hu’sal than outlie ventral side: it is chiefly remarkahle for 
the length of tlie cervical ]>ortion, which from tlie cor|)ora pyra- 
inidMlia to llie pectoral or brachial onlargeme I measured four 
feet three iiiehes. 'Hie eloiigalion of tliis part during fietal de- 
v(d()|k'ment jiroeocding by uniform interstitial addition, the roots 
ol’tlic nerves become eipially separated from each other; and, as 
tlie lowest filament of one root Avas not furtiior removed from the 
liigliest of the next licioAv, than this from the succeeding filament 
of the same root, sueli filaments avcvc extended over aii unusual 
space of the myelon ; the root of the third cervical coming from a 
trnct of not less than vsix inches in length: tlic contrast between 
the ciu'vieal myelon of the Porpoise and Giraflb in this respect is 
striking. 

VVitli tlui singular exceptions of tlie Kobidna, Ilcdgeliog, and 
certain bats, the mass of llic myelon liLavs a direct ratio to that, 
of the body throughout the MarnmaliaTi series, and its struct ure 
is essentially the same. In the adult liiimaii male it a little 
exceeds an ounce in Aveiglit: its tissue is firmer than that of the 
brain. As in all Verte))ratos, the ventral and doivsal surfaces are 
I'cspectlvcly divided into equal moieties liy a longitudinal fissure, 
of which the dorsal is deepest, and, in the iMammalla, closest. In 
Mail, the interfissiiral plate of pia mater can be sliown to be a 
fold ill the ventral (anterior) fissure, fig. 40, a. but is confluent, as a 
* xciv, i>. 371. xcviC. 
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single delicate layer of vascular tissue in tlie dvu’sal ([)ostcnor)oii(?, 
ib. c. A layer of white ncurine accompanies tlic ventral fold, which, 
when withdrawn, shows the fissure to be closed by such layer, 
perforated by numerous holes for (‘apillaries : it*.*? fibres are trans- 
verse and form the ‘ white myelonal commissure.’ The de])th of 
the ventral fissure is greatest at the ])eetoral enlargement of the 
inyelon, and gradually diminishes towards the ‘ cautla equina.’ 
Tlie deeper dorsal fissure j)enet7ates fully one-half of the dt)rso- 
ventral diameter of the myeloii through the greater part of its 
course, but becomes sliallower in the lumbar region: it is bounded 
by a layer of grey ncurine, connecting the same tissue in each 
lateral moiety ol’ the myelon, which layer forms the ^ grey mye- 
lonal eommissiire.’ 

Ill the dovelopoment of the myelon, as of the enceplialon, the 
central part contains a fluid wliich is reduced by llie endogenous 

o-rowth of ueurine, on ap- 
'10 *■ , . . . ^ 
proaeluug nuitnnty ; it re- 
mains in the myelon, as ils 
‘ canal/ wliich is obvious in 
the cold-blooded Vertc- 
b]-ates/ and Is exposed, in 
birds, as the ^ventricle of 
the pelvic cidargoment/ as it 
is in the ‘ foui’th \ cntrlclc ’ 
of all Vertebrates, where it 
bears the name of ‘ calamus 
scriptorius’ in antbro])oto- 
iny. The myt‘lonal canal is 
more obvious in lowcrinam- 

Traii.-vi !■=• .-cel l.in r.f 1 hr 10;. c!'"’", rJ; .-o t(» Ill • AI 1 * 

himI fitunli liirvr.-. Mir-'nilh d ini uiui’.nrr.s. llials “ tluill 111 Alan, aiul 111 

* the fetus than in the adult; 

in Avhom, whilst nnohlitcratcd, it is surrounded, like the more 
obvious myelonal canal in Ivojitilcs, by the grey commissural 
ueurine. The canal is lined ])y ciliatc colls.’^ The lateral columns 
of this tissue, united liy the commissure, are thicker hut less peri- 
pherally extended in the ventral,//, than in the dorsal, /q portions 
of the myelon. In transvcr,se section tlie grey ncurine resem- 
l)lcs a comma, the concavity of wlii(*h is directed outward, 
the head, fig. 40, i/, is surrounded by the periplieral white 
neurine, and the tail, ib. is jn-oduced to the issue of the dorsal 
(posterior) nerve-roots, ib. k. The proportions of the grey and 
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wliltc neiirlnc vary in different parts of the myclon. In fig. 41, 
1 is a secliotf at the fore (upper) part of the pectoral enlargement, 
the head of the coinina is small, the tail narrow: in the middle of 
the enlargement . section 2, the head is larger, 
with more distinct ])rocesses, the tail is thicker. 

In the dorsal region, sections a, the grey matter 
is more reduced than in tlie neck. In the lum- 
bar region, sections 4 , it again expands, the 
head shows the stellar character, is fenced off 
IVom the ventral periidicry hy a smaller extent 
of white ncurinc ; the tail is thicker, hut lien; 
becomes shorter and seems not to reach the 
dorsal surface. ^»ear the termination of the 
myelon the comma-sliape is lost, and the grey 
neiirine rt'diiced to a suh(‘ylindrical tract, 
slightly notched laterally and surrounded, save 
at the commissure, hy the whfte neuriuo. Of 
tills tissue the largest proportion (‘xists in the 
(‘(‘rvical [lart of the myelon and its enlarge- 
ment, wht.*re the small columns called ‘ posterior 
pyramids ’ are coiitinueil from the dorsal part 
of the medulla ohlongata, contracting to a point, 
near tin* end of ihi^ hraehial enlargements, and 
tlj(‘re allowing the proper dorsal (posterior) 

(• diimns of the my elon to come into contact at 
the ))osterioi* fissure*. The elifrereuce in the 
proportions of white and grey nouriue in the 
ventral and dorsal tiacts of the myelon coin- 
cides with the iliffmvnt nervous eiidow-meiits 
of the [lectoral and pelvic limbs: in the (brmer 
volition and sensalion are greatest ; in the latter 
reflex actions with diminished sensihility : tin* 
exercise of the arms and hands induces more 
calls upon cerebral action, that of the legs 
and f(‘,et operates more exclusivelv through 
physical changes of tln^ lunihar part of the mve- 
lou itself: hence, therefore, the need of a gi-eater proportion of 
the reproductive or grey tissue. Numerous mulli-eaudate vesicles 
are present in tlie grey neiirine, and linear traerts are continued 
from the major part of itKS periphery, as seen in transverse section, 
towards that of the myelon, accompanied by capillary vessels 
which enter the pia mater. 

I he proportion of tlie neural canal to the myelon varies in 
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different mammals: it is greatest in the Cetacea, Sirenia and 
Seal-tribe, the space between the myelou and neural arches being 
occupied by blood vessels, which, in those aquatic orders, arc 
chiefly arterial plexuses. In laud-mammals and Man tlic veins ])rc- 
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dominate, having nK)ro or less of the character’ of sinuses, as shown 
in the section of the lumbar vertebra, fig. 42, where the communi- 
eatioii of the ‘ perineural’ veins, //, witli those of tlic lissmt of tin;, 
vertebral centrum, is shown. But the most constant fluid exter- 
nal to the myelon is that which has been called ‘ cerebro-sjuntiL’ 
In the dorsal region of the neural canal, in Man, (he j)ositi()n (4‘ 
this fluid is shown in fig. 43, where c is the myelon, witli Its ])ia 
mater and araeluKiid, m the dorsal or posterior septum, u the 
nerve-roots, and .v .v the sub- or eiit-arachnoid spaec. Tlie use of 
tbe unitbrm siip])ort aiid defence afforded by the interposition of 
lids fluid between the myelon and tlie hard Avails of the neural 
canal is olndous.^ 

"fhe arachnoid is disposed about the myelon, asal)ont the brain, 
after the manner of the serous membranes; it consists (4* an 


exterior or ‘ j>anetal layer ’ reflected u])on the myelon to form the 


44 
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and ir.s 
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internal or ^ inyelonal ’ layer. If a section be 
made through a jiair of nerve-roots, those e.g. 
of the fifth cervical, fig. 44, the arachnoid is 
seen to he continued as a loose sheath, aliout 
the iriter-ncural ])art of the root, n and is 
reflected so lus to form small culs-dc-sac, at 
t^ie <>rifi(;es of emergence. 

In Man the myelon is loosely invested by 
tlic ‘ dura mater,’ to wbicli it is attached by 


xix"# In whicli the* cnfccts of the removal of thi.s tliiid in the Dug arc dcbcrihetl. 
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processes of the arachnoid called * ligamentura denticulatum,’ and 
tlic nerve-roetts. 

§ 204. JRfirephalon, Us ]>rimarp divisions . — ihe encephalon, or 
lirain, of Mammals, 
like tliat of lower 
Vertebrates, Tur-(j j[“ 
lie, lig. 45 (vol. i.. 

Shark, fig. 187, 
and Lepidosiren, 
lig. 180 ), prescuts 

I '( ) 11 r prill 1 liry llmln of a Tui tlii (f.Vii .' 0 //C V ieU'. 

nieuts or divisions, indicated by as many superincumbent, orio;i- 
nally vesicular, masses, or pairs of masses ; but consisting, not 
’only of those, Imt of tracts of the myclenccphalic columns from 
winch those masses arc successively developed. 

The hindmost division, or 
‘ cpcnccphalon,’ fig. 46, c, con- 
sists of the enlarging jiarts of 
the myehMieopliaJlc columns, (f^ 
called ‘ medulla oblongata,’ of 
the su))(Tincnml)ent mass, c, 
originally a jiair in the human 
firtns (iig. 47, c), (nillcd ^ core- 
Ixdliim,’ and of a transverse 
commissure ofth.it body, called opo.sbuiu (DuuipUuo, mo vu w. 

‘ tuber annulare’ or ‘ pons varolii,’ p; the three parts, so named in 
anthrojiolomy, are subordinate 
eleinentsofonoaiul the same pri- 
mary division oftheenccphalon.^ 

The next division inoludevS 
tli(i parts of the iiiyelence[)halic 
e<»limvns which support, and 
from which are developed, the 
ojilic lobes, o: it is tlie ‘mesen- 
(’e])lialon,’ figs. 4.G, 46 and 47, o, 

AVith the columnar elements 

ai'e the pai'tS called the * fillet,’ aniinoflMunanfirtus, at. four montlKs, side vii’W. 

and ‘ jirocessns a cerebello ad testes ’in anthrojiotomy, including the 
^ third ventricle ’ and its prolongations into the vascular appendages 

* Tlie severance of the ‘ jions/ and raising it, in association with parts of another 
Sfgnicnt, to the rank of a distinct primary division tis ‘ meaoccphalon/ and the sever- 
snicc of the ‘ medulla oblongata’ from the cercbclliini, as a co-cqiuil division, called 
‘ invtcuceplialon,* indicate the warping of the judgment through luihitual coutem- 
l>buiuu of tlie characteristically modified and developed parts of the hunmn hraiii. 
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called * pineal ’ and ^ pitnltary ’ 7/, glands : a second pair of gangli- 
onic masses are developed in Mammalia bcliind the Ji:)ptic lobes, 
and received from the old anthropotomists the naiAe of ^ testes,’ 
the more constant and important pair being tliQ ‘ nates,’ and the 
whole, from their arrested condition in ]Man, forming the corpora 
^ qnadrigemina ’ or ‘ bigemina.’ 

The third primary division of the brain includes the ^ernra 
cerel)i*i ’ with the reinforcing or roerniting ganglions called 
* thalami optici ’ and ‘ corpora striata,’ and the snperincimihent 
masses called ^cerebral hemispheres:’ it is tlic ‘ piuseneephalon,’ 
figs. 46 and 47, r. 

The f n'ciiiost primary division of the brain includes the anterior 
termination of the columnar tracts, called -'cnira rhirience[>hali; 
and the appended vesicular mass, called ^ olfactory lol)c ; ’ it is the 
^ rliinonccj>halon,’ ib. u. The nature and value of this division 
are masked, in Man, by the arrest of its developemciit and the 
contrast of the excessive cxj»ansioii of tlie vesicnlar part of the 
antecedent division. Accordingly the ‘ crura rhiiumccphali ’ are 
termed ‘ <)!fact<iry nerve’ with its ‘ roots,’and the primary vi'sicle 
is the ‘hull) of the olfactory nerve,’ of anthropotoinv. 

Each primary encephalic division has its cavity or (‘avities 
called ‘ ventricles.’ The e|>cncephali(.* prolongation of tlie myo- 
loiml canal is the ‘fourth ventricle:’ its contimialion into the 
primary vesicle is the ‘ ccrelicllar ventricle:’ it is persistent in 
fishes (vol. i. ]). 27o, fig. 178, c), reptiles (ih. p. 2\)5, fig. 1911), 
and birds (vol. ii. p. 120, fig, 4;5), but is obliterated in Mammals 
wln-re the cerebellum is solid. The ‘myelonal eanal’ passes i'or- 
ward as the ‘third ventricle,’ and‘ iter’ or eommiim(*ating canal 
between that and the ‘ fourth.’ Its continuatiim into the ojdic. 
lobes, retained in ovijianais Vertebrates (vol. i. p, 278, fig. 182, 
//, />, p. 279, fig. 183, (I, p. 295, fig. 193, a, vol. ii. p. 120, fig. 45, 
Oy) is obliterated by growth of ncurine in Mammals; as is also its 
ascending canal to the ‘pineal appendage;’ the descending one 
to tlie ‘ liypojdiysis ’ is retaiiUMl as the ‘ infundibulum.’ 

Each cerebral hemls|)liere begins in Mammals, as in lower 
Vertebrate'S, as a bladder with a thin wall of brain-substance, the 
cavity including, jiotentially, all the unthropotomical ‘ horns,’ ‘fore,’ 
‘ aft,’ and ‘ under,’ of the ‘ lateral ventricle,’ wliicli are subsefiueiitly 
meted out by endogenous growths of grey and white neurine, in 
size and shape according to the group or genus. 

In most Mammals which derive so important a share of their 
ideas through tlie olfactory sense, the ‘ lateral ventricle ’ is cmi- 
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tinned into the ^ rhinenceplialon/ as shown in fig. 46, d. So 
that all the Essential parts of a primary encephalie division, viz. 
tin? colninnar as ‘ cnis rhincnceidiali,’ tlie superiinj)Osed mass, and 
tlie cavity cxen\{)lifying the nature of* the olfactory bulb as a 
‘ primary vesicle ’ of the brain, are present. 

§ 20o. Mucromyfilon.--1\\Q epeucephalon consists of the ma- 
cromyelon and cerel)cllnm. The term ‘ macromyelon ’ is not 
exactly the equivalent of the ‘ medulla oblongata ’ of anthropo- 
toiny, the authorities in that departnnmt of anatomy having ap- 
|)lied the phrase in different scnsCvS. With Willis,' it included the 
part of the brain beneath tlie eerebellum and cerebral hemispheres, 
‘ all that suhstance,’ e.g., which reaches from the cavity of the 
(•{dious l)ody and eon juncture in the basis of* the head to the hole 
at the hinder iiart where the same substance, being f*urther eon- 
tlnue«l, ends in the ‘ spinal marrow.' With Vienssens,^ the ‘ oblong 
marrow ' included the columns of the neural axis between tlu^ 
‘ spinal marrow ’ and the ^ cerebral hemispheres,' with the ‘ crura 
cerebri’ and tlieir ganglioifu* enlargements, (*alled ^ optic thalami,’ 
and ‘ corp(»ra striata.' Winslow *^ ilefines thc^‘ mednlla obloim’afa ' 
as till' medullary basis common to both i*ert*bruni and eerebellum, 
llailer* restricts tlio ‘medulla oblongata' to the intraernnial 
myelonal colnnnis, as far as the ‘ pons varolii.’ .liolando’^ prefers 
the older view of* its extent. ('hanssier/* again, dlstinguislies 
the portions of tlie intracranial columns crossed by the transverse 
c(niiniissural lilires of the eerebellum as a primary division of the 
hrain, under the name ‘ inesoeephale ; ’ and this term lias been 
( xtended by "fodil ^ to inelnde the ‘ corpora quadrigomiua ’ with 
the ‘ in’oeessns cerelielli ad testes,’ and jiart of the floor of the 
fourth ventriele. 

Ihit the developcmcnt of the human brain and its several stages, 
represented by the conditions at which it is arrested in lower 
XM'tebrates, show that the transverse eommissural fibres wliieli 
cross or decussate with the iiitraeranial myelonal columns, whether 
under the name of ‘ pons,’ or * trapezoid bodies,’ or ‘ arciioi ni 
fibres,’ arc subordinate adjuncts to other parts, chiefij' the eerc- 
hollnm; while the distinct and superimposed masses called ‘cor- 
pora <inadrigcmina ’ include the true correlatives of the cerebrum 
Juid eerebellnm, as jiriinary vejsicles of tlie Imiin, 

‘ maeromyelon,’ therefore, I siginfy the intracranial [irolon- 
gations of the myelonal columns sis far forwsird as their emergence 
f‘'om tile ‘ pons,’ or cerebellar commissure: in tliis tract they are 

* xxr*. p. 5. 
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reinforced by masses of grey neurhie, and the transverse commis- 
sural fibres are so intermixed with the longitudiijf'il ones as to 
compel their being combined in descrijjtion as in delineation, 
figs. 48, 56. But, before iiuitiing the .J\I annual i an class, the 
reduction of the ^ ])ons/ coneomitautly with that of the side-lobes 
of the cerebellum, as in tigs. 51 and 53, is such as significantly 
to testify against its title to be regarded as a primary division of 
the brain; and in birds a ‘ tul)er annulare' or ‘■pons varolii,’ 
ceases to appear upon the under surface of the inyclencephalous 
tract above defined. From this tract the cerebral nerves, from 
the fifth to the hypoglossal or ninth inclusive, arise. 

In advancing to the forinatiou of tlie inaeroinyelon growing 

central tracts of the my clonal 
columns coij)o to the peri- 
phery, and push aside the medial 
tracts on l)oth the ventral and 
dorsal surfaces. On the former, 
fig. 48, tliey decussate, as they 
a[)pear, at rf, and, with a con- 
tiguous portion of tlm anterior 
myelonal eolmnns, expand 
to form tlie ‘ pr(;|>yramidal 
bodies,' /y. The rest of tlic 
anterior columns, with the 
contiguous antero-latoral co- 
lumn, in their course along tln^ 
macromyelon, are associated 
with a mass of grey matter oc- 
easiouing a swelling out of the 
surface, called the ‘ olivary 
bodies,' ib. o. A tliin layer of 
superficial fibres which, in lower ]Mannmil,s with non-promineiit 
‘ olives ' pass outward, as a ‘ tra])ezoul layer,' in Man curve round 
the exterior of the olivary proiniuences, and constitute the ‘ arci- 
forrn fibres,’ ib. A. 

The transverse fibres defining anteriorly the ‘ |>repyramids ’ 
and ^ olives ’ increase in mass, from the lowest IMamuials ( Ond- 
thorliynchusy fig. 51, r, Diddphi/s, fig. 53, b), to Mati, fig. 48, a- 
As they arch over the fore j)art of those inacromyelonal tracts 
they have been called ‘ pons;’ but their true ])osition is that of an 
inverted or suspended bridge : their developeinent is in the ratio 
of that of the side-lobes of the cerebellum. 

On the posterior or dorsal surface of the rnyelon the deep- 
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seated tracts l)ccome superficial at a greater distance from the 
skull than oii^the ventral surface, and do not decussate ; they ex- 
pand as tlicy enter the inacroinyclon, and form the ‘ post-pyra- 
niidal bodies,’ fig. 49, V. 

The posterior myelonal 
columns which they 
push aside, diverge us 
they are continued into 
tlie niacromyclon, and 
combine with the con- 
liguoiis lateral columns 
to form the post-rcsti- 
Ibrm tracts, X. In ad- 
vance of the post- 
in' rumids, still deeper 
c(»l limns of I he inyclon 
come into view, as the 
” teretiul tracts,’ ib. a, f, bounding tlic si(l(‘s of the fissui’e, calh'd 
‘calamus scriptorius,’ at tlie floor of the expanded inacro- 
myelonal eanal called ^ fourth veiitriele.’ This is (>ver-arche(l 
l)V tlic ccrelxdlum, lun'c bisected, and one half ridleeted at r ; tlie 
]>e<luncle or ^ crus’ of tlie o|)p()site half lieing shown at u. Tlic 
thin layer roofing tlic ventricle anterior to tlic crus is called 
‘ valve of Vicussens,’ n. 

Sections of tlie inaeromyclon, as at fig. 50, sliow the form of 
the grey matter, called ‘ coi-pus deiitatuin,’ of the 
olives, o 0 , and the relative position c»f the en- 
larging columns. Those on each side the fissure 
A, arc the prepyramids; those on each side the V f -, 
fissure p, are the post-jiyramids ; tlie lateral 
or rcstifonn tracts intervene between them and 
the olivary tracts, o. 

In the Monotremes the macromyelon is large 
in proportion to the rest of the brain, but the 
‘pons’ bears relation to the cerebellum in its 
smallness. The prepyramids, figs. 51 and 52, 

are long, narrow, flat, and contract as they vran.=»verfe sectuMm of 

, I .1 . 11 • 1 / -v • 1 Iho iiuirroniyHoii.ut tho 

‘i|)proacn the pons, especially m the Ormtho- pans .nark.. i x «,„] y 
i hynchus; the olives, fig. 51, fig. 52, arc sam, nut,>i/e 

also long and flat, but expand as they aiiproach tlic pons, and 
arc crossed, liefore reaching it, by the ‘ trapezoid ’ hotnologues 
ol the ‘ arciform ’ fibres in Man. The distinction between the 
olivary and pre-restiform tracts is less marked. The grey matter 
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is srnnll in tlie olivavv tracts, and does not form a ^ corpus denln- 
tum.' The pons is flat, it forms a narrow transver/e band in tijo 
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< h'liilliorliymdius, fio-. ,>], r; these fibres cover a i»rcatcr anterio- 
posterior extent of tlio macroinyelon in the Kehidna, and j^ive 
the pons a trian; 4 ’nlar form. 

In tin* Opossum the pons, fig. o3, />, is redueeil almost to the 
projM>rtions of that in the Ornilhorliynchus ; 
the pre[»yrainidal, f/, ami olivary tracts are 
similar, and the latter ai'e crossed by as W(‘ll- 
marked a trapezoid arrangement of trans* 
verse fibres, c. 

1 he prepyrainidal tracts conn^ to the sur- 
face at a greater distanee from the pons, in 
most Mammals, than in iMan, and thn- 
resemble imn’C tin? postpy rainidal tracts ; 
this eliara<‘ter is shown in the Horse, fig. 
51, Dolphin, fig. fiO, /y, am! Ihiboon, fig. 

In the unthr(»jK>id A|k*s, the jn-oportions ol 
the prepyramids (fig. 112, Orang) approai'li 
those in Man, and the arciform disposition 
of the supe»'ficial layer of crossing fi lyres begins to prevail, and 
to allow tlio oli\es, whieh are likewise here more jiroininent, 
to come into view. Although the olives are less prominent 
in Jhlpkinm than in the Ajyo.s, they are efjiially un(‘ovcre<l 
hy the trapezoid fibres; and show internally the arrang(micnt 
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of grey niJitter called * corpus dentatuni.’ The pons, fig. 60, 5, c, 
hv its promii^encc and antero-posterior extent, corr(fS[>orids with 
the groat lateral dcveloi)enicnt of the cerebellum, e. 

\riieii the prfpyramids, fig. ;)5, />, are divaricated in the 

human macroinyelon, the 
median fissure, which is 
wider and shallower than 






rt'^fl'ouUi! of M;u I'omj vl>'n, 
ruitrri'T t.<r vriHiMl asiiHvi, 
M.in. xwni". 


that, r, Ijclow the decussjilion, rdiows the same (‘lihril’orm cha- 
lactcr of* its ‘ floor,’ formed by the [HMiel rating v(‘ss(‘ls trom 
the fold (»r pia mater which lined it. A further extent of 
divarication shows transverse fibres uniting the halves of this part 
the macromyelou, and decussating with longitudinal fibres, as 
ill fig. o(), 'rin* section of the |n*epyramid on each side of f/, fig. 
•i7, shows its triangular figure and the rostrirtion of grey matter 
to the ‘ nuclei,’ r, .v ; they arc mainly (‘omposed of white longi- 
tudinal fibres whicb enter the pons above its low'cr or peripheral 
iransversc fibres, and interlace with the fibres of a higher plane: 
at the entry each pyramid is constricted, as at fig. ;>(), />, but soon 
expands. The projiortion of the d(‘eussating and non-deciissatiiig 
tra(‘ts ol the prepyramidal columns is shown lu fig. ofi, Avhere /> 
l>art of the light propyramid cut across near the ]M)ns and 
K'Hocted to show the decussating fasciculus, //, and the non-dccn>- 
^'ding iasciculus, continued through tlie pons, r: the docus- 
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sating fasciculus of the left prepyramid is shown at d\ Tlie 
fibres of the outer white neurine of the olives ave^ longitudinal, 
and are contiiuied forward above the pens, as shown at lig. (56. 

The nucleus of gley matter sinks 
deep into the macromyelon, as show'n 
in the sections, figs. 50, o and 57 , fj ; its 
section in any direction presents the 
undulated course of the white capsule 
suggesting the anthi opotomical term 
‘ corpus den tat u in.' 

The lateral or resliform columns, 
diverging, as in fig. 49, arc mainly 
continued into the cerebellum, of 
which they form the hinder or ‘ in- 
erior peduncle,’ fig. 6(5, r. Recriiit- 
-iig grey neurine is developed in 
their ini erior. The post pyi’amidal 
columns, contracting as they divci'ge 
and ascend, arc closely apjdied to the 
resliform tracts, hut are continued, ms 
the ^ lus(‘iculi graciles,’ into the crura 
cerebri. 

Stilling ’ lias cni’ichcd anatomy 
with the following magnified view 
of a transverse section of the macromyelon, one half of which 
shows the structures as seen !)y transmitted light, fig. 57, The 
anterior or ventral fissure,//, is here seen to be inucli deeper than 
till' opposite one, represented by the ^calamus scriptorius.' 
The septum or raphe, r, of the lateral moieties is a compact white 
neurine; //, c, are the prepyramidal columns, of whii’li r is the 
large nucleus, s s the smaller nuclei; the roots of the hypo- 
glossal nerve, /, run along the interspace betwetm the pyramids 
and olives. Of the latter the nucleus is shown at //, with its 
])licatcd capsule of white neurine; a small mass of grey suhstanoe 
is situated near tlie olivary one at u ; x indicates grey matter and 
? gelatinous matter, near the roots of the vagal nerves, k k. The 
nucleus of the vagus is //., with the root of which nerve is also 
connected the wliitc longitudinal fibres, m. AVhother // be ex- 
clusively related to the hypoglossal, or is the place of origin (part 
of tlic larger root) of the trigcanlnal, is undeterinincd ; n is the 
^ soft column,’ o the wedge-like colurnu ; ./■ is the nucleus of the 
rcstil‘orm body. The transverse or areiforin fibres covering this 
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lateral column arc marked p, tliose continued over the olives, w, 
and those o\^r the propyramids, v ; they fonn the trapezium in 
lower Mammals. 

llic nucleus in the trapezium, on each side of the raphe, so 
oloselv resembles, at a higher section, the olivary body, that it has 


57 
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been lennod the ‘upper olive’; it makes its appearance near 
where the lower olives first diminish in size. In tlic Sheep it 
a|>])enrs as a group of large stellate mullipolar cells, aud these 
rells are more luimerous iu the Kodents, and still more so in the 
f at. In the Rahbil the upper olivary body is convoluted in three 
or four turns ; in the Mouse it consists of a wavy mass of large 
!ni(l numerous eolls ; its structure is especially distinct in the Cat. 

The ^post-pyramidal’ ami ‘rcstiform’ luielei are present in 
!>!! Mammals. T1ic olivary bodies consist of layers of small cells 
penetrated by the anaform filaments, by wbleb they are conneotod 
^vitb each other and with the r.aphe ; they are not absent in the 
^heep. The transverse S(!Ction of tlie human medulla oblongata 
the region of the first cervical nerve is more circular, less 
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elliptioal, than in the Sheep and most lower Manniials. The 
reslif’onn and posi pyramidal iiiudei ai-e relatively li^rgor, but the 
Quadnnuana and approach the linnian structure in this 

particular; the Cat, e.g., shows an intcrinedia'to condition be- 
tween tliose in Rumirunttia and Biman<f^ 

In comparing the macromyelon of the Mammal (fig. 50) and 
Fish (vol. i. fig. 172) the usual course of structural differentiation 
seems to l)e reversed ; a greater number of longitudinal tracts are 
(hdinable in that of the Sturgeon or Shark than in that of Man. 
But the superior character is more seeming than real ; the super- 
addition of ascending fibres in the higher Vertebrate tends to 
ol)literate the boundary lines and seems to blend tracts the 
‘funicular’ and post-pyramidal, e.g. in the Mammal, which arc 
<listitiguishable in the Fish. 

§ 206. Ccrfdjrllt/m. — The posterior and rostiform columns, 
])ushed aside by the p(»st pyramidal and tcn^tial tracts in ap- 
proaching the macromyelon, diverge and expand into a fibrous 
stem, which, arcliing over the fourth ventricle, dcvelopcs the 
central transversely folded lobe, answering to the cerebellum of tin? 
Shark (vol. i. fig, 187, c) and Bird, and ex[)a]ids into lateral lobes 
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charactiaislie of the Mammalian class. The myelojial tracts, which 
in describing tlie brain from behind forward inay be said to enter 
into the foiination of the cerebellum, fig. 66, r, leave it, after 
some expenditure and exchange of substance, as ‘departing’ 

» The progress of chernisiry has lent new ami valuable aids to the unraveling of 
fhe minute, bitfc physiologicull/ most iiiUsrostiiig. structures of ibe myeIon.and niacro- 
myelon. A solution of chromic acid is one of the host for preliminary immersion of 
slices of thoir tissues for a few weeks; these, if afterwards jjut into alcohol, are 
hardened, but become less brittle than if k"ept longer in the acid. 
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restiform tracts, ib. coiitiuued into the basis of the nioseiice-' 
l>lmloTi, forrii’ng also those called ^ processus cerebelli ad testes,’ 
united above by the thin layer of inedullaiy matter called ‘ valve 
of Viousscns,’ tig. 49, n. The progressive increase of the lateral 
lobes is attended by (iorrCvsponding devclopement of* the system of 
transverse or areiform fibres constituting the ‘pons varolii,’ which, 
entering the ccrcV)ellum at the ‘ infero-hiteral ’ or ‘ semilunar 
fissure,’ fig. 64, A, interblend with the longitudinal ‘entering’ 
and ‘departing’ columns, and constitute the commissural part of 
these lobes. 

In Anthropotorny the part whore the formative and commissural 
tracts join on entering the cerebellum are cidlcctivoly called its 
‘ crus,’ tlie tracts being its constituent ‘ peduncles ; ’ thus the enter- 
ing or posterior and restiform tracts, whicli are the ‘ hoirioty])es ’ 
of the ‘ (u-iira cerebri,’ are termed the ‘ inferior or posterior 
])cdunc1(‘s,’ or ‘ processus ad mcdullam oblongatam,’ fig. 66, r ; the 
emerging restiform tracts, called ‘ processus ml cerebrum,’ and 
‘ pro(*essus ad testes,’ are the ‘superior or anterior peduncles,’ ih, 
t\ whilst the entering fasciculi of the ‘ pontal or vavolian com- 
missure’ arc the ‘middle i)edunclcs’ or ‘processus ad poiitem,’ 
fig. 64,/. 

Tli(*se latter arc porportionally least ui the lowest, and largest 
in tluriiighest, sjiecics of Mammals. In all, the formative columns 
on entering the white axis receive grey or ‘ recruiting’ matter for 
tlm developcmcnt of accessory fibres, relating in size and com- 
plexity to the increase of the cerebellum, and chiefly of its lateral 
lobes, in tlie Monofremes, figs. />! and 32, the ‘pontal’ or 
eerel)ellar commissure is a thin layer of transven'se fibres of small 
;mtero-|)osl<M’ior extent; the true character of the 'real ‘ orura 
cerebelli,’ or formative fasciculi, Is here well exemplified. The 
eerel)Gllum, fig. 68, h {Erhhlna)^ consists mainly of the median 
lel>e, which being transversely folded presents in vertical so<r- 
tion that arraiigement of grey and white matter called ‘ arbor 
vitic.’ 

In the Marsupial Order, the eorcbcllnm presents close-set, sub- 
parallel, transverse convolutions; few in tlie; climbing Koalas ami 
Opossums, fig. 46, r, more numerous in the locomotive Kanga- 
roos; it is remarkable, as in Moiiotremes, for the large propor- 
tional size of the median or vermiform lobe as compared with the 
lateral lobes, especially in the carnivorous and inseetiAorous 
Marsupials, where this condition is associated with aoorrespondiug 
diminution of their commissural band as showui in the view of the 
base of the brain of an Opossum, fig, 53, h. In the Kangaroos, 
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Peramelcs, Phahiiigors, and Koala, tlie heniisjdieres or lateral 
lobes of the cerebellum are cliaracteriscd by a smalj subspherical 
lateral process or appendage, c, c, fig. 74, wliicli is lodged in a 
peculiar fossa bl* tlie petrosal above the internal meatus : there 
are corresponding but less produced j)rocesses in the Dasyures and 
Opossums, th(*y do not project in the Wombat. On the up})i‘r 
surface of the cerebellum the medidlary sulxstancc or nucleus 
appears supcrtieially at a small tract on eai*h side the vermiform 
process, marked with an asterisk in figures 74 and 7o.^ The 
simple disposition of tlic arbor vitiu is shown in fig. 46, e. 

In the Lissem*ephala, the cerebellum in the Insectivoray^\^. 76, 
and resembles that of the Opossums; in the liodentia 

the lateral lobes, fig. 59, show a greater increase, which is most 
marked in the swift running Hares, fig. 81 , /, /. As this developc- 
ment is not accompanied with a concomitant growth of the eore- 
hrum, the cerebelliun is proportionally greater to the rest of the 
brain in Jlodents than in oilier mammalian orders. 

The Cetacean brain is remarkable for the large propor- 
tional size of the cereliellum, fig. 60, and espoeially of its lateral 
lobes, f\ On tlie under surlhee may bo distinguished tlie main 
jiart of the lateral lobe, e, the oblicpic lobule,/, that whicdi answers 

to the ^ amygdaloid loixi ’ and tlie 
fiocciis ’ of Jioil, h. Each is sub- 
divided by the chiefly transverse 
anfraetuosities into luimerous la- 
mella?. Tlic middle lobe, llg. 93, f/, 
is not symmetrical but inclined, 
like the skull, to one side, in IM- 
phifiu.s. The grey nucleus or ^ cor- 
]ms fimbriatum ’ is well developed. 
4 he ^ pons,’ fig. 60, e, is noAV large 
and jirominent. 

In tlie IJnguIata, the relfitive size 
of tlic lateral lobes inei'oases with 
the bulk of tlie sjiecies, and attains 
its maximum in the Elcpliaut ; in 
file filifnocrros, (Jiraffe^ fig. 86, Oj:, 
and /lorse, fig. 61, the middle lobe 
is eonto)‘te<l, especially above. The 
common castration of the latter 
((uadrupod has afforded abundant evidence that the cerebellum is 
ill no degree affected thertdiy in size or form.^ 

* LX3*. el. V, figs, a 'ami 4. * xi.r*. 
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In Carnivora the smallest species (fig. 89, Stoat) have the 
smallest lateral lobes in proportion to tlie middle one. 

r.n In the Qnadru^ 

^ ilcval lobes 

increase in size, 

ant] lose, or incorporate, the appemdix ; tlicy sliow the lohiilar 
groups ol himellie, especiiill y on the under surface, 02, as 

JTi Cetacea^ and in JMav. 
The * llocculus,’ fig. (M, //, to 
whi(*h the origin of the 
acoustic nerve can he traced, 
is |>res('nt in all Quadnt-- 
wana^ and Is well marked in 
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the timid and sharp-eared nocturnal Ayo-aye, bcinj^ associated 
with large external ears and a well developer! auditoi’y organ. ‘ 

III Man the lateral lolies of the cerebellum acquii’e their largest 
proportions, are called ‘ hemispheres/ fig. <>3, ci» and reduce tlui 
middle lobe, which is the most constant part in the vertebrati^ 
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series, to the semblance ol’a subordinate a<ljunct, called ^ vcrniironn 
[u'oeess/ ib. r, in Anihropotoniy. 

The characteristic. Ibrin of th(‘ human cercliellmn is manifested. 
a<*cording to the developmental law (‘ Prcliu'c/ vol. i. p. x\i. ) 
before its surface becomes <M)nvoluted, and wluni the large 
liemispheres are nf])rcs(mted i>y smooth va‘sicles of nenrine, fig. 
47, c. It rcseinbh‘s tlic cerebelliiin of the huny fisli and frog 
in the smoothness of the surface, but has assumed in tin; (Vetns at 
four months the recognisable specific Ibrm. The eerebelhnn is, 
in fact, more uni<|ue and delinilely Imman at the embryonic 
period than when fully developed ; it then weighs, or averages, 
i) oz. 4 dr. in the male, and 4 oz. \2 dr. in the female.'^ 

When the uuder surface i- ex|K)S(;<l l»y nunoving or reflecting 
the inacromyelon, as in fig. 03, the middle lobe, is seen at the 
bottom of a valley (vallnji/lfi, Haller, v).dividing the hemispheres, 

‘ cii'. ^ jkcvaiul m.ja". p. \ ( 1S02). 
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ihc (*oiive.\Ities ol'wlricli rc.^st in the occipital lossie. This siniace 
of the iniihlle lobe (‘ ioleiior vcrniifonn ])rocess/ Anthr()})otomy) 
is transveisely I'ohled or ‘ ringed.’ The broader and inore proioi- 
iK^nt folds lV>rin*the ‘pyramid/ ib. r; the succeeding narrower 
folds, the ‘ uvule/ ib. ?/. The extremity of the veriniform process 
vvliich projects into and closes the fourth ventricle, inferiorly, is 
the ‘ nodule.’ On the inferior surface of the ‘ honiispheros ’ An- 
thropoionnsts define, with Reil/ ‘ biventral/ fig. 63, />, ‘ slender,’ ib. 
r, and iiost-iiricrior ’ lolx's, cL The smaller group of folds is the 
‘amygdala/ ib. a : the still smaller groii|), /', is the ‘fioccailns.’ 
fho anterior surface of the ccr(*bellum, seen iu connection with 



nuuM’omyelon, as in fig. G I, shows the ‘ semilunar lissnnv/ 
penetrated by tlie formative and commissural columns, /: the rela- 
|)osition of the ‘flocculus,’ //, is here liest shown; the macro- 
“‘yelon |)ass<?s into myelon at ///. On the upper surface of the 
<‘rrebcllum, fig. 6o, its most j)roininont i)art is that of tlie middle 
<‘be, called ‘ superior vermil’orm jirocess/ v : the hemisfdiorcs are 
5»hnost flat: they are licre subdivided into the ‘ square lobe,’ ib. a, 
the ‘ jiost-superior lobe/ w Tlw. lateral ]ol)es exceed the 


XI. n-. 
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nikldle lobe m antero-|)osterior extent, leaving an anterior or 
^ semilunar ’ fissure, and a narrower ^ j>osterior notch,’ ib. w, the 
groups of lamellie bounding which arc called, by some, ^ post- 
inferior lobes.’ The hoinisj)hcrcs are connnonly hut not constantly 
symrneti'ical ; both these and the middle lobe consist of numerous 
lamelhe, of white covered by grey iieurine ; the intevlamellar 
fissures aie j)enclrated by folds of pia mater. The lainellutj are 

C5 
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collected into groups, forming the ‘ lolx^s ’ of the homisj)herefl, 
which are divided by deeper fissures. Tlie lanielhc of tluMiiiddle 
or ‘ vermiform ’ ]>art are fewer, and morci transverse or vertical 
than those of the henilsjdicres ; they are also thicker, single ones 
answering to, and eoniieeting, two or more of the hemispheral 
lamelhe, fig. Go, v. 

A vertical section of cither hcniisj)here, or of the median lobe, 
displays a ramification ol iibrons matter, tlie smaller or ultimate 
branches of which ai*e en v(*Ioped by lainiiue of grey matter. This 
af[)pearaMce suggested to tlie older Anthropotomi'sts the name of 
‘ arbor vitse,’ whicli it retains. The trunk ol’ the tree is repre- 
sented by a central niich ns of white matter, fig. 66, d, from the 
upper and lower surfaces of which branch off, some at a right. 
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others at an acute anjfJe, several lamitue, each of which forms 
tJjc stem of a number (,f other branches. JOacli of the primarv 
branches is tlie fouudatioji or central stem of a lobule. liamiiue 
of fibrous mattei'tarc seen branchinjr from both sides of it iinmc- 
(liateH aftei its separation from the nucleus. Sometimes the 
Itnmaiy branch bifurcates, anil each division of it forms the stem 
of what may be called a sub-lobule. If we suppose that one of 
the primary lii'anches is comjMjsed of a certain number of baminaj 



matter, the secondary ramifications from it will in a 
brannt,' instances these secondary 
as til, .1 "‘ore tertiary ones, which, as well 

A verr «l>‘'‘"g. are enclosed in grey matter. 

, utical section of the median lobe, fig. 58, gives a similar 
11 ‘ ance to that of the hemispheres, fig. 66, e. The central 
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nucleus W up into primary branches, which become the 
centres of the lobules i»i* which it consists. The ramifications of 
the nucleus, wliethcr of the median lobe or of the lieniispheres, 
pass from it only in the vertical plane or from before backwards ; 
in the latter direction, however, to a very slight extent. The 
fibrous matter of the median lobe is continuous with that of the 
hemispheric lobules. By reason of this disposition of the fibrous 
matU'r, the surface exjiosed by a horizontal section through the 
entire cerebellum consists of a plane of wdiite matter bounded on 
ihe si<los and behind by a narrow cortex t)f grey matter. 

‘ The white matter consists exclusively of fibres, chiefly of the 
tubular kind, and of all degrees of size. These, in the mon* 
distant ramifications, penetrate the vesicular matter of their grey 
cortex, and form some unknown counecTiou with its elements. 
The grey matter consists of three layers, readily distiiiguishahh' 
by the nake<l eye from their diffenmee of tadour. The external 
layer is the darkest, and consists chiefly of granular and vesicular 
matter. The next or iulermcdiatc layer is of a light colour, and 
is composed of’ a stratum of fine nucleus-like |)articles. Thtj 
third layer has the greatest thickness, and is immediately in con- 
tact with the fibrous matter; it is intermediate in point of colour 
to the other two, and consists of numerous vesicles of the caudate 
kind,*cs[)ccifilly with braiieliiug pro(‘esses and nerve-tubes of all 
sizes. The dark (!olour of the external layer is doubtless owing 
in a great measure to the great numbers of capillary vessels 
which enter it; the greater paleness of the inner stratum is to lu* 
attributed to the intermixture of the white fibres, whilst the light 
colour of the middle stratum is Intrinsic.’ ' 

The lower or hinder crus, fig. (56, r, on entering the coreh(dIum 
iMirvos backward, cxjiamling on the outer sid(^ of the converging 
and onwardly continued fibres which constitute the up])er or 
' anterior crus,’ t. In the j>art of the ‘ nucleus ’ connected with the 
latter is developed a [ilicated capsule of grey or vesicular matter, 
(h also exposcid in section at ii, fig. 49, and called ‘ corpus dtmla- 
tiim ;’ it sit^iplies ae.cessory white fibres to those diverging from, 
or converging to, the crura; wdtli these are interlaced the com- 
missural fibres of tlie pons. 

Thus an influence ascending from the myelon, by the resti- 
form tracts, fig. 66, ,y, r, to the cerebellum, may be propa- 
gated from that body, by tlie crus, t, to tlie mcsenceiihalon, 
and thence to the cerebrum. {Conversely, cerebral influence 
may })ass tlirough the mesencephalon by tbe ‘ processus and 

* xxvii". f;02. 
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testos/ ib. fig. fif), to the cerebellum, thence by the resti- 
i’onn tracts, ib. r, to the niyelon, s : while the transverse 
lil>res of* the ])ons, il). ??, associate all tlic parts of one ocr(‘beIlar 
licinispljcre in actit)n with the other, and are intimately connected 
and iTiterlaecd with the longitudinal faseiciili forming the enira 
cerebri. 

If it be considered that the maintenance of the eroei position 
hy Alan demands unusual ])ow(a* of regulating and coml)ining 
iniiscular movements, whether with or without the eognisanec of 
tlm mind, and tliat he exereises or can ex(a’cisc a greater variety 
of modes of locomotinn llian any low(‘r animal, ilight alone l)eing 
iiH‘xe(*utal)le, the characterisl ie size and com|>lexity of the human 
eerebellnm w«>nld accord with smdi view of its l*iin<‘tions ; and 
ihe general residtsof the experiments of Flourens* and Alajcmdie'^ 
cMiumr with ths* inferences which, in tlic main, may Vie drawn 
Irom Comparative anatomy (vol. i. j). 2S7). 

§ 207. — Ihirt of llie (‘olnmnar filircs conliinied 

from I he cjxMicejilialon procoe<I directly to the j>ro.scnce})haIi)n, 
traversing the pons, fig. GO, />, r. The olivary tracts, il). /’ jiroceerl 
first to the m('sonce])halon, which likewise re(‘eives ihe enis, t, or 
<!ont innation of tlie restiforin tra(!t, r, after having undergone 
cerijhellar (l(.‘V('loj)ement and connect ions. 

The mcseiK'ejihalic basis is traversed by a forward conlinuatlon 
of the ])rimitive myelonal cavity — the ‘ iter a (pnirto ad tertimu 
vi'ntricvdum ’ — which laltei •, tig. 105, />, is a vertical expansion 
of the ‘iter,’ extmiding upward into the pedicle of tlie eonariimi 
(‘ pineal gland,’ il>. ./’j, and downward into that (‘ infundibnimn ’) 
of the hypophysis (‘ jiilnitary gland,’ ib. ?'), The sides of this 
ventrl(‘idar fissure are partially gluc<l together liy grey matter 
contimunis witli tliat in the interior of the ‘ tbalami,’ and called 
‘ soft commissure ’ in front of />, iig. 105, 

In the Monotremes the mesencephalic crus (^processus a 
ccrehello ad testes’), vc(relving a tract, answering to the ^ lill(‘t 
of aniliropotnmy, expands into the optic lobe (Vnatos,’ ib.), 
lonning chiefly its exterior white layer : the jirimitive cavity 
of this vesicle liecomcs filled Avith grey mattivr. The layer 
(‘valvula’) uniting the two crura hccoines thickened hy trans- 
verse Avhitc fibres behind the optic lobes, and these, in liigbcr 
mammals, swell into a second pair of tubercles (‘ testes,’ ib.), 
^vluclv usually exceed the ‘nates’ in breadth, but are. less in 
length; they now foian the ^ corjiora bigemlna, or quadrigemina ’ 
of unthropotomy. The above dilFerenee in the proportion of‘the 
I A''', aiul rxiv. 

VOTi. in, Tl 
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two pairs is exemplified in fig. 73, h, Didelphys, and fig. 75, n, 
Phaseolomys, in tlie Marsujtial oriler ; by fig. 79, J.epus, and fig. 80, 
8,9, Cavia, in the Roilmtia-, and by fig. 67, Tnlpa, in the Insecti- 


vorn. Both Ly- and Liss-encephaUi manifest Vheir inferior posi- 
tion in tlie present class, and affinity to oviparous Vertebrates, by 
the larger proportion of the niescnceiihalon (fig. 46, o) to the pros- 
encephalon, than in Gyraiccphnln. In most Mtirsnpials {Dasy- 


C7 



Unit It uf Midi'. 


V// 7 /.S*., fig. 72 : Diilelplu/s^ fig. 73), in many llodents 
(fig. 81, Lcpfis; fig. 80, iMsfor), hi all lusoctivores 
(fig. 7(5, J{lu/nr/ioc?/on)^ ami in I5:its, the l)igcnnnal 
bodies are more or less exposed bet^veen the cere- 
brum and cerebellum. As in Anthh/o])sls (vol. i, 

р. 278, fig. 175), so in Talpa^ the optic lobes, fig. 67, 

с, do not show a reduction ot bulk ctmiincnsuriitc 
willi that of the visual organ ; yet lliero is a de- 
gree of such relationship in Mammahs. Thus the 


Unguldtcs which have large eyes have the optic lobes or nates, 


fig. 08, a, proportionally larger than they are in a C.hiniivorons 
quadnijKHl with a similar-sized brain. I n both the ‘ testes,^ ib. h, 
ai-e broader, Init in /oV/.v they also rise higher; whilst in I!u- 


gulates, and especially Ruminants, the ^nates’ show the greater 
vertical developeinont.^ In all Carnivores the ‘testes’ have a 



minor an t c r( )-} ) 0 s t c ri i ) r 
extent than the ‘ nates.’ 
The white bands or 
tracts (‘ braebia ’ in an- 
t bropotoiny ), extciKling 
along the outer side.s 
of the bigeminal bodies 
to the thahimi and com- 
mencement of the o])tic 
tracts, fig. 68, d, arc 
])romincnt in the higher 
Qnmirumana and. in 
Mfin. Ill most (Jtiren- 


2iIc.S(.’ii( C4>h,Tloii, ai pur vit 


rrphfda the white filires 


continued from the ojfiic lobe.s devolopc an oblong nodule, ib. (', 
also containing grey matter {‘ corpus geuicnlatum’. of anthro- 
potomy), which in the Imman brain is divided into an external 
and internal portion. 

The ‘ crura cerebri ’ formed by the i>re- and post-pyramidal 


* This (lifTercncc I cxcTnplificd in the preparations, nos. l‘»2G a and 1M2GB, xx. 
vul. iii. ]). 30. 
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and ^ tcrctiiil ’ tracts, expand in passing beneath the l)igeminal 
hodh^s, and receive accessions from grey matter continnoiis with 
tlmt of the macromyelon, but so dark as to liave rei^eivcd the 
name ‘ locus iiigcf ’ when exposed in section. They are divided 
by the third ventricle, and swell out respectively at their upper 
j^art, through the superadditioii of formative iiourine, into the 
ixidies called ‘ thalaiui optici,’ fig. fi8, e, figs. 71 and 7o, L Tlie 
tree surface is white, but the grey matter constitutes ihcnr chief 
hulk, and is j)artially divided by the longitudinal fibres into an 
outer and an inner ])orti(ui : from the latter the soft eommissnre 
is <N»nliiuied. The ojille tracts, fig. fiS, d, commencing at the optic 
lohes and geni(‘ulate l)odies, bond round the outer and baok part 
ol‘ the ‘ thalaini,’ from which they derive accessory filaments to form 
tlic opti(' nerve. In eoniu‘ction Avith tlie mcsenroplialon must be 
iiohnl tlu* tract of Avbite fil)res confiiuicd from the Ibrnix, on each 
sid(^ the third ventrioh? anterior tt) the soft eommissnro, to a 
nodules, conspi(.'iions in (hirvnvijdudfi l)ehind the infnndibnlum, 
and i’orming a pair (‘ cor]K>ra alhicaniia’ in aiithropotumy ) in Apes, 
fig. 1 12, and Alan. 

§ 2f)8, As tlie ‘ crura cerebri ’ (mter the ])ros- 

encephalon, they are aiignumtiMl by further acctNSsions of' i’ormative 
nenrine in masses which in tlie human brain have rcceivial tlie 
mimes ‘ nucleus tjeniavformis,’ ‘ nucleus lenticniaris,’ and ‘ nucleus 
eandatus.’ The latter projerds into tlie jiroscncejhalie ventricle, 
JUS tlie ‘ corpus striatiim,’ figs. 70, .v, 75, /•. Ihit this name oxtmuls 
or aj>pHes also to the dcejier-seatcd grey masses, wliich are so in- 
toihlcnded with the diverging Avliitc Jilires as, in section, to give 
allernatc Avliite ami grey stria\ Tlic acc(‘ssion of white lil>r(\s 
from lliese formative nidi, diverging to form the l»asis of tlie 
cere!)ral hemisjheres, causes the form expressed by the term 
' filirous cone,’ fig, 66, c. '^fhe grey matter again apjiears as a 
dull snjierfieial covering or ‘cortex’ of the ex])ansion of the 
white fibres : and tliis grey matter contains cells similar to those 
in the cor[>iis striatum. 

In most 7>;y- and Lhs^fmcephala^ ami in a fc\v of the smallest 
hinds of (^[f/rnicephaltr, the prosen cephalic vesicles retain the out- 
ward uniformity of surface Avliich they liave in birds ami re|)tiles : 
nnlike those of the mes- and cp-eneephaloii, they are so little 
nnited togetiuu* that tliey are called and seem to form distinct 
Iminisphercs.’ These are connected together in all Mammals as 
in Birds by tlie cord-like fasciculus of transverse fibres, figs, 
fhl and 73, r, called ‘ anterior commissure.’ l>ut the main dis- 
biictioii lies in the superadditioii to the ‘diverging’ or‘eniral’ 
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fibres of other ^ commissural ’ tracts either ^ loof^tudinal,’ con- 
iiectiTig parts of tlic same hemisjdicre, or ^ transverse,’ and bringing: 
a greater proportion of the two hemispheres into mutual com- 
imiiiication. But tlicrc arc stops in tins dilferehtiation. 

Each hemis[»here of the cerebrum begins as a vesi(*le of neiirine, 
the cavity of which receives the growth from the ^ crura’ forming 
the ‘ corpus striatum.’ This, in Birds, mainly fdls the ^vc*in 
tricle ’ or remnant of the primitive cavity of the sac. But, in 
iVIaminals, the wall of the vesicle is angmonted by folds, of whhd* 
the first and most etnistani is pushed irom the mesial or inner 
side of the ventricle into its cavity, giving rise to the convexity, 
figs. 70, 71, A, fig. 75, rej)resenting the part called Miippn- 
campns ’ in anihrojmtomy, Tlie ‘ fissure u])on which the hippo- 
campus is folded ’ ^ is numl)ered 4 in tlic ‘ Table of Cerebral 
Fissures,’ p, 1M6, as in fig. 69, ct so/. 

In Lijence 2 )h(ila it extends from the fore pai*t of the inner sur- 
face of the hemisjdiero l)aekward and d(uvnward in a eiirve with 
the concavity toward tlie centre or ^ nucleus corebi‘i,’ fig. 69, h. 
It is not, however, a iikm’C doiihling of the wall of the hcmispheral 

vesicle; longitudinal fibres are de- 
veloped therein for commissural office ; 
they cause a definite jwoductlon of the 
■“ lower part of the fold witliiu the veii- 
3 0 tricular cavity called hi[>pocampa1 band 
hlppocamj)}), f)r, be(*ausc in xMan 
it is plaitr’d, ^ corpus JhHhruitumx'* its 
h.iwv Mirfrioe of inferior lundcr termination is in the 

*.IJ1 tJi l/JitJII, \JI 5J IHM'L'UV IJCilU:^. 

‘ pcs hippocampi its upper or anterior 
one becomes the ^ ])ostorior pillar’ of the fornix. ‘ Fornix ’ is the 
antliropotomical term for the anteriorly continued and transversely 
connected longitudinal fibres of the hi])pocainp: the ‘ ])ostcrior 
pillars,’ fig. 69, ^/, one from each hemisphere, converge as 
they arlvance, are united by a commissure of their own, il>. c, 
beyond which some fibres ]>ass forward and radiate upon the 
inner surface of tlie fore part of the hemis])here ; wliile others 
bend, down, as the “ anterior pillars ’ of the fornix, pass hetween 
the anterior cominlssuro, ib. /*, and the nucleus cerebri, and 
terminate in the inammiilary body already mentioned. 

Delicate fibres, running on the inner surface of the hcmisjihcrc 
at right angles to the line of the hippocain[ial fissure, are con- 
tinued into the ventricle, where they cover the longitudinal fibres 




‘ So <1ofiiiC<l in i.xx'. |). 90 (IS‘J7) 
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developed in the liippocainpjil fold^ and whieli form the main j)avt 
of the hippocanip and its anterior extension.' 

This fold and its eoncomitantly dcvelo|)ed lonj^itndinal and 
transverse or arched fibres, constilnte a ‘j^roat and abrupt dis- 
linclion and rise in structure in the JMannnalian brain *a.s coin- 
])ar(*d with the Avian one, and indicate that birds are an oflshoot 
iVoin the lower Onipara^ forming a brunch apart/'* 

Jn Ornilhorln/nclins the postero-inferior parts of the hemispheres 
are hrought into connection ivitli the antero-intcrnal 2 )arts hy 
the longitudinal fibres, while the antero-intenial ])arts of the 
Iieinispheres are connected with each other through the transverse 
til)r(?.s at the api)roximated anterior ends of the folds, where the 
slratum connecting those ends together, and radiating the fibres 
ii[»on the inner surface of the anterior Iol)es of the lieiuIsphcreKS, 
and over the inner Avail of the ventricle, is thickest.^ 

'I'luj greater i)art of the hemispheral cavity or ventricle is 
ovorai’ched in Lf/aitu-plufla by the inner leaf of the hi[)j)ocam- 
jml J’old, and its d(;vcIo])em(;nts c:di(?d ‘ tamia hlppocanijn ’ and 
‘ fornix,’ The transverse fibres conneeting the tieiiia hippo- 
cain]>i and terminating that body anteriorly in Lyettcrphalfty are 
carried, in the ascending Mammalian series, by the growth of 
the hemispheres anterior to them, as it were hy a movement 
of rotation, (Vom l)erore u]iwar(l and baekward, until, in Ar.iin, 
they become the ‘ psalterial libres ’ which connect the posterior 
‘ gerni’ of the corpus callosum Avith the " ttenla hi|)pocam]>i,’ these 
Ik ing com])ar<‘d to tlie ‘frame’ and the transverse fibres to the 
‘strings’ of the liar]), by the old aritl!ro]>otomists. The super- 
lulditiou of ccivl>ra! matter above and anterior to c, figs, 69, 73, 
is associated with transverse commissural fasciculi, jirogressively 
a<!ded, from I)ehind foi’Avard, and iioav overarching the lateral ven- 
tricles, and fulfilling all the functions, relations, and definitions of 
tiui autlu’opotomical ‘cor[ms (callosum,’ figs. 7S, /, and 123, c. 
Its hind part is embraced by the ‘callosal convolution,’ il>. o.** 

’ 'those libres iivc shown at x, fig. 4, pi. vii. i.xx'., wliieh gives a view of the lil]ip().. 
< ani|>{il fuM from tlio ventricular or * lateral’ sitle, as ‘ part of a thin stratum of iiicdul- 
huy fibres arching over the hippocam})US major, and contiuucd therefrom into tho 
intoriiid wall of tho ventricle, ’ p. 95. 

‘ If we could examine tho brains of Dinosauna or Dicynodontia^ the actual gap iu 
llio series of cerohral structures might he better tilled. 

* Prom this point in the lowest (Lyeuecplialous) mammals, as in the embryo of 
highest, the growth of the great supraventricular body of transverse commissural 
fibres forming the ‘corpus caliosum* begins: ‘Anterior fibres of the ‘‘tauiia hippo- 
eainpi» jjjto the aiUerior lobes of the hemispheres.’ p. 95, pi. vi. 

4 and 6, o'; and pi. vii. tig. 4, x\ 

‘ 'riie part marked n in the Kchidna lia.i become the part marked n in Man. l*ls, 
and xxxviii, ofxi.iu". 



10 ) 


ANATOMY OF VEUTEIUIATES. 


70 





Sucli are tluj csscTitinl eliarncters of tlie M:unnialiati j)r()scu- 
coyiluilon/ The chief iiuHlificalioJis of the Mammalian hrain, as 
ahove characterised, will next he notiecil iu the 
(lillorent loading' groii[)S of iht class. 

A. Lijviicephnla, In the Ornithorlupic/uts^ 
the bniin, fi^s. 52 and G9, is to the weiglit of the 
body as 1 to IGO; tlie liemis|)heres arc triano-u- 
lai\ dopresscil, the broader j)ostorior ])art over- 
lapping the o])tic lobes, and reacliing to the 
(‘crebolliim. With the exception of (lie hi[)po- 
(•ampal fissure, fig. (>9, 4, and tlie depressiini 
hHlging the rhinem.‘e])]ialie crus, the surface is. 
unbroken or smootli, with a few vascidar im- 
pressions diverging from the fore part, "fin* 
medulla oblongata is broad and depressed ; the 
coipora p} ramidalia, fig. 51, //, are in very low relief; the corpora 
olivaria, exj)and as they a<lvance ; they are crossed anteriorly 
by the ‘ i*m*p<n’a t rapezoidea,’ which arc large.' ; the * pons,’ c, is 
narrow : anterior to it is a large ganglioni(* body, /, from which 
issues the huge trigeminal nerve, r>. The longitudinal groove Ix?- 

tween the optic lohes is shallow : 
it is wanting in tlie small and 
low * testes.' The hip|MH‘ampus 
is the chief promineuec within 
tlie ventricle of the liemisjjhei'ii : 
the c(»rpus striatum is long and 
narrow. 

The I ) rain of the Ecludutu 
fig. 71, is relatively larger than 
iii the ()n/.ftlh)rlit/nrlufs, and th«‘ 
exposed outer surface of tin* 
hcmis[)liercs is exteinied by con- 
volutions. The cerebral lieini- 
splierh; cavity is mainly occnincil 
in botli Monotremes by the Irip- 
pocamp,’ fig. 70, //, whicli con- 
stitutiis a great ])art of its floor 
as well as inner wal This, with miicb of tlic hippocamji, is 
removed in fig. 71, to show the proportions of the ^corpus stria- 
tum,’ /»’, and to bi'Ing into view the thalami, t: these are divided 
fn^m tlie ^ nates,’ r, hy a linear groove; the ‘ testes,’ .v, are hall 
tlie ^size of llie ^ nates,’ and the median longitudinal groove, 
which is shallow between the nates, is not eonlinued further 



iJMin aii'l l:ii.''rrtl liiiiiioniit-ipuV rcnKiV(.-»l 
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back.* Like the water-slireAvs, the Ornithorhfpirhn^^ haB a Binooth 
(‘orcbnim ; ihc Erhidna^ like the Great Ant-eaters and the 
Slnlhs, lias a eoiivoluted one. Resides the long and deep Giip- 
pocainpal fold,’ Vlic fore [lart of the mesial surface sliovvs a 
Ijcginiiing of the supercallosal one; heliind whicli it is also 
not (lied vertically liy the mesial ends of tlic upper transverse 
toldvs/^ fg. 71. Of these, three nearly jiarallcl oriCvS extend 
ai'ross the liroad posterior part of the upper surface of cacli 
]ienus])hcrc, their outer ends inclined forward; anterior to them is 
a larger convolution hont njion itself so as to form the Minor 
boundary of the anterior half of the upper surface. In the angle 
of the above are two obrnpie 1‘olds inclining Mnesiad’ toward the 
contracied fore part of the hemisphere. The base of tlie brain, 
lig. 52, sliows a few short foldings of the BiirfMcc of the great 
natiform jirotubcrancos, //. The prlncii>al f(»Ids sink about a 
llinfs depth into the substance of tlie cendirum. The rhincnce- 
l>lialon is enormous, ib. n. Some of the fibres of the great 
aiitia'ior commissure bend forward, and are continued into each 
of its crura, ^flie outer part of the crus, ib. w/, continued from 
that of the proseiicc[)lialoii, emerges from the fore niargiu of the 
natiform jirotidieraiKH;, from which it has a reinforcement (d‘ fibres ; 
the inner division, tumid witli added grey nenrine, ib. i />, is also 
very In'oad. The proseii(.a‘phalic (‘avlty or ^ venlrielo ’ is eon- 
tinned into the rliinenceplialoii, and is exposed in fig. 52, by re- 
moval of the thin floor wbi(*li rests n|)ou the large ‘ cribriform 
plate.’ The ^[)ineal’ and pituitary (ib. p) appendages of the 
l)i-os(>ncci)lialon offer no inonotreinatoiis (characters. 

There is not that diiferonce of size between the Oniftho’- 
rhtfncUva and ErhUlna wliicdi would lead us to connect therewith 
tlic convolution of the lieinisph(‘rcs in the latter animal; what 
is known of their habits suggests no su[)eriority of jisycliical 
jio\v(M' and resource in the land- over the wateiMnoiiolrematons 
liC'CCtlvoro. Increased extent of the walls of the hemisphere in no 


* ]My ohservations on tliis state of tlic ‘corjjora (inadvigemina ^ in Monoircincs 
Jiccovd with those of Lanrciit and Kydoux on the Kchidna, mid of Mcckol on the 
Oniiihorhynchus. ‘ ICn coinpnrant Ics tuhtirculcs (luadrljumcanx de rKchidn*'* a cciix 
l’t)inithorhyiuju(‘, nous avons facilcnient constatu ce (jue la doja oti' par Mct'kcl 


J'our cc dernier, c est-ii-dire qu’on no peut pas distiuguer les tiibcrciilos postia-ioiirs 
anu'riouvs, et ([n<3 ce <pic Meckel a rcinarciud ehez rOrnithorhynijiic et cxprinie 
CI S termes : “ Kruinentia (piadrigeminiimagua, posti^rior tamcn vere jicrcipicnda, ut 
(cio bigemina csset,” cst encore plus prononce dans les tuberculos da cerveau do 
1 kchidiur, qui sent leclUnnent siinpleinenu* hvif'. p. IGl. 

“ Well given in iaii". ]»]. ix. dg. 4 ; omitted in the diagram of a similar section 
m xuu '. pi. xxxvii. fig. 7. 
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degree influoncer^ the developoiuent of a supraventricular trans- 
verse coinmissiwo ; the seeming small one exposed at o, fig. 71, 
is hippocam{)al or ])salterlal. This low jfiiase of Alaiiunalian bvaiu- 
gN)wth is essentially related to the conuuou UKinotrematous con- 
ditions of generation. 

The brain hears a small proportion to the body in the INIarsupial 
order; if* the Ursine Dasyure, lig. 72, it is as 1 to 520; in llie 
Wombat, as 1 to f>14; in the great Kangaroo, as 1 to 800. In 
smaller Kangaroos the disj)roportion is less; thus in the Tree- 
kangaroo {^Dcttdrohfffifs i/tnstus) 1 found if as 1 to 250. The 
brain is relatively largest in the smaller species of Petaurists and 
Phahingcrs. 

T'he cerebral lieinlsjdiercs <lo not extend over the ecrehellmn 
in any of the species, and in some, as the Dasy tires and Ojiossuins, 
they leave the optie lobes exposed. In the Phahmgers and Petau- 
rists, the Opossums, Pi'rameles, the insectivorous Phascogales, 
and the smaller Dasyiires, the ex|>o.sed surface of the cerebral 
hemispheres is uiK'onvoluted. In the Dffsf/tu'ua tig. 72, 

this surface is broken by a few sliglit indi*ntations, two of which 
may indicate tJie beginnings of tlic * medi-lateral ’ longitudinal 
folds. 

lu the AA"oml)at an ectorhinal fissure bounds the outer side ol’ 
the olfactory tract at the base of the 
brain;' from tlie anterior moiety of this 
fissure three or four smaller ones curve up- 
ward upon the sides of the hemisphen'^, 
one of Avhich answers to the ‘ fissura Syl- 
vii,’^ but is less defined tliau in the Kan- 
garoo. Oil the u})per surface a short 
transverse fissure marks off the outer jiart 
of the antm’iur lobe of the cerelirnm, am! 
liehind this each hemisphere exhibits a few 
detaeJicd shallow fissures. 

The American Opossums show a range 
in size from that ol‘ a mouse to that of a 
cat, and th<5 Australian Dasyures rise from 
tin? same diminutive extreme {Antevlunns 
jmsiflus) to the size of tlie wolf ( Thyla-' 
tuuiis). But the cereljral hemispheres afe as smooth in IJidd- 
phfjs Vhnjtiuaua^ as in J), {Philander^ Mlcrodclphiji;) nturhui\ 
and the great Uisine Dasyure, fig. 72, shows but a lew short and 
sliallpw indentations of the exposed cerebral surface.' TIn/lacinas 

^ l.XX' pi. V. fijj. 8. 3 ^ a 
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tlie anterior apex of tlie hemisphere marked off hy a clcej)er 
tniirsvorse fissure, extending to tlie inner surface. In the llcr- 
l/ivoroUiji Marsn|»ia1.s the fissures 73 

iii-e more deiinitt^, deeper, and 
rather more iniinerous in tiie 
larger (^Macrojnis nufjor, fig. 71) 
tlian in the smaller species 
( lli/jjsij)n/ttnais\ All Alarsu[)la!s 
liavo the lupi) 0 (‘ainj)id fissure, 
jig. 4(), 4, fig. 7^.1, /, coextensive 
with the autero-posterior rangt? of the prosencejdiaiie cavity, and 
aiching over all the eanniuissural ap))ar:Uns of the liemis[)her(*s. 
TIjc comannitant extent of the convolution (hippocampus major) 
^ is shown in i.xx'. pi. vii. figs. .‘> (Ditif/jflu/s ) and 4 ( J/r/cr^Yr/^s• ), 
I in the <*xj)osure of the ventricle from the outer side. lu 
1 Didclphys, fig. 73, the surface of the hcmisjherc above the 
fu'Sure is fed)!}' imj)ressed by bhxjd-vessels ; in Th(/lacinu>i there 
is a slioi-t fissure above the back [)art of the lii(>pocainpal 
one ; in PlKtsculiunj/.s and Macropm there is also an anterior one 
I which bends {>r bilhrcates at its fore part.* These fissures mark 
|lhe level of tlie I’oof of tlie 
natcral ventricle ; the surihee 



ibsdow forming tlie thin mesial 
; wall of the cavity, fig. 70 , 
whicli in the liigher Phi- 
centals is defined, as the ‘ sep- 
tum luehlum,’ by a corpus 
callosum from the partabtive, 
On the upper surfuce of the 
luanispliere, in Mnanypiis ma^ 
J<fr, a longitudinal part of the 
lissui-(‘, fig. 74, s, marks off a 
medial convolution, /, at the 
aiiterior half, and oc’casioiw 
ally it is jirolonged backAvard 
liy the fissure, lo, as in tin? 
left hemisphere of fig. 74. 
Ib t there is continued from 
in both hemispheres, a 
f i ss 1 1 re ex t < md i n g out ward , 
which hounds beliind the 



araJii of Alaort'iMirf iiuijor. 


l>iirt of the lieiuiyplicre luiprossod by the ‘ s} Iviuu litisuve/ 5. 


Tlic 


* i.xX'. j»l. vi. tigs. 4 aiml 0, 7 , 7 , 
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sylvian convolution, c', folded on 5, is divided bcliind by the 
fissure, 9, from the post-sylvian fold, j\ Tlie contracted anterior 
])art of the licmisphere is marked otf by a feeble coronal fissure, 
12, and is partially divided into a superfrontab fold, ///, and a 
sul)froutaI fold, n\ In the broad hind part of the hemispliere 
are the medial, /, and lateral, ?w, tracts. 

On separating the liemispheres of the biaiin of the Wombat, 
not only the bigeminal bodies, n, fig. 7.5, and pineal gland, ib. 
w, but the thalami, ib, /, are brought into view, and instead 
of a broad corpus callosum, avc perceive, situated deejily, a small 
commissural medullary band, ib. m, ]>assing in an arched form 
over tlie anterior part of the thalami, and extending beneath 
the ‘ labia iiip{»ocampi,’ the supraventricular part of the hemi- 
spheres, y, being thus, as in 
the l)ird and numoti-eme, dis- 
connected with each other. 
On gently raising the labia’ 
from above the commissure 
and pressing them outward 
with the handle of a scalpel, 
the instrument passes into the 
fissure ii|H)n vvhicli the bi[)po- 
cam])us, il). is Iblded. The 
mesial wall of the liemisjhere 
is continued from the ui)pcr 
lal>ium of the hipjKX'ampns, 
and is composed of a thin 
lamina of medullary substajicc 
analogous to a detached layer 
of the septum Incidum. lii the 
Kangaroo tlie mesial parietes 
of the lateral venlrieles arc 
thicker. In both Marsujiials they receive the thin layer of fibres, 
fig* 75, ry, passing l'n>m the commissure, w/, over tlie upper lip of 
tlie hipnocamj)al fold, to radiate vertically upon the anterior lialf 
of the inner wall <»f the ventricle. These fibres arc figured in 
l.xx'. pi. vj. fig, 4, o' (Womliat), and fig. 6, n' (Kangaroo), and 
arc des(‘rib(*d as tlie ^anterior fibres of the lamia hippocampi 
continued into tlie anlerinr lobes of the liemispheres.’* 

' These ifre not LO ])C confonndud with the ‘ laliiti cerchri * of anthropotomy. 

* The author of jcmii". in pi. xxxvi. 4, a more extensive scries of trans- 

verse fibres which he ilcscrihes, p. <144, as heinj; lo^t beneath the * lahia cerebri,’ as 
the margin of the ‘callo.-al fold ’ is called by some autliors. The surface cf the diva- 
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The eruva cerebri, which, in the Opossum, e, fig, 53, arc left 
exposed l>elow, like the optic lobes above, l)y reason of the small 
proj^ortioual size of the ccrelirum, are more comjdetcly concealed 
in the brain of the Kangaroo and Wombat. The natiform pro- 
(iil)eninces form a great proportion of the under ])art of the 
ceiobral Iiemispheres in all the ]\Iarsn|)ials ; the ectorhinal fissure 
\vhi<*h indents tludr base in the Wombat and Kangaroo, runs 
.‘ilong the side of the lieniis|)hore to tlie outer side of tlie olfactory 
!(>bc in the Opossum, indicating the large relative size of the 
bjisi rhinal fold or tract. llchind the connnissiirc of the opti(^ 
nerves is seen a broad and short infundil)ulviin sn[>porting tlnj 
pit nitary body, //, fig. 53, and posterior to this is the single coj pns 
;i!bicans. Tlie optic loix's, fig. 73, i, arc soli<l; a pair of simi- 
lar hnt vsmaller oin^s rise liehind, and form with them a Oiige- 
niinul ’ mass: the anterior divisions or ^ nates,’ n, fig. 75, have a 
great er longitudinal diameter than the posterior ones or ^ testes,’ 
wliieh have a greater transverse develojienient. The differenee 
in the relative developemeiit of the nates and testes between tlie 
herbivorous and carnivorous ]\larsuj)ials is less than in the cuiTe- 
sj.onding Placental (jinKlrnpeds. 

'fhe posterior transverse filiros of the hipjioeampal Cinniivissure 
aie (amlinned, iig. 75, ?//., outward and backwanl bcncatli tlie 
iirn’o longitudinal fibres, which overlap tliem as they pass for- 
ward to the 'anterior cercliral lobes and pass into the substance 
of the hip[)oeainpi, //.. Thus the eominissurc*, which is biauight 
Into view on divaricating the cerohral hemispheres in the Wom- 
liat, is seen to be partly the bond of union of the two luppo- 
<'uin|)i inajores in the transverse direction, like the ‘■ lyra’ oi* 
:iiithr(»p()tomy, and p:irtly of llio hi]>j)ocarnpu8 and the fore and 
inner ])arts of the hcmisjdiere in the longitudinal and vertical 
diircetions. It mainly fulfils the function of the fornix, not only 
as being the bijipcHvainpal (‘ommissnre and continued backward 
and downward as ‘ jiostorlor pillars ; ’ but by semding down frmn 
di(j inferior surface two small nerve-like processes, which extend 
vertically, lioliind the anterior commissure, to tlic corpus albicans. 


riciiied hemispheres is left entire, and whether the fibres diverge into the substance 
el tlie roof of the ventricles is not shown. In i.xx'. pi. vi. figs. 4 :ind (>, the r(M(nisitc 
thsscj'tion is made and figured, and the transverse fibres are shown to be h^st beneath 
fi'C ‘ labia hippocampi ’ — tluit is, to he continued into the hippoeani])i, not into the 
^npravcntvicular substance. Other dis.sectors of the brain of a MacropK.s Heneftli .nnd of 
might compare the ajipcaianccs with those figured in the ‘ 1‘hilosopliical 
i JMnsiiftions,’ lsa7, j»l. vi. lig.s. 4 and 0, and in the vphilosophical Transactions,* 
pi. xxxvi. lig, 4. 
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at the base of the brain. The superior view of the connections of 
the hippocampal comiuissure of the Wombat is given at o, 
%• 75.1 

The artery of llie plexus clioroides, entering Avnth the fold of pia 
mater at the lowest part of the hippocarn[)iis, is richly sj>read upon 
the small j>rodiielion of that fold, ib, /v, beneath the margin of the 
* tienia ’ near tlic passage by which it is continued into the fold 
and jdexus of the op])osite ventricle. This intercommunication 
between the two proscuccphalic cavities exists in all ]Maminals, 
and is defined in anthropotomy as the ‘ foramen Monroianiiin.’ 
The pineal appciulagCj ib. w, is small compared Avlth its ‘ (‘rura,** 
which, as in all other Mammals, arc continued backward from 
tlie fore and inner parts of the thalami, t 

A Avell-marked ectorhinal fissure extends from the natiform 
])rotul)eranee, defining externally its ‘ basirhinal tract and the 
forward continuation of the ^ crus rhinence[)hali.' A longitmlinal 
white streak divides the outer and inner portions of tliat crus. 
Tlic j)roscncephaIi<* cavity is continued into the large rliiiicji- 
ce|>halon, Jigs. 73 and 46, ii, //. 

The characteristics of the Marsupial brain are, its small rela- 
tive size, small proportion of eerebrum, convolutions wanting, or 
few and symmetrical iii tliosc ^larsiipials possessing them, large 
proportional anterior conmiissure, and still larger hi])[>ocampi ; 
some fibres arch across from one to the other hi]>pocainj)us, 
answering to the ‘ lyra,’ and forming the beginning of the great 
transverse eoinmissnre or ‘ corjars callosum ’ of higher Mam- 
mals; the flbre.s radiating upon the fore and inner wall of the 
ventricle are the anterior terminations of the great longitudi- 
nal commissure answering to tlic ‘ fornix * in anthro[)otomy. 
'I'he ‘ corpus striatum,’ fig. To, r, is I’clalively small and in- 
ferior in position to the hlppocainpns, being partially overlai>pcd 
thereby. 

Ji. Lissennephah.- -I demonstrated ihc characters differentiating 
the first stej) in the dcveIo]H‘inent of the S'orjuis callosum ’ of 
the lledge!i(^g, in the longitudinal section of tlie brain* pre])ared 
and added to the Iliinterian series of Comparative Anatomy in 
1834, by contrast Avith a similar section of the brain of tlic 0|)os- 
sum® and Dasyurc;^^ placing a plate ol' mica in the fore part of 

* Haller sliowc 1 his apprceiatiuri of the essential nature of these * fere foriiicis 
ipfcius crunhus/ 

- Lxx'. j»l. V. fig. 8, U/. ® Ii>. \c, 

* No. 1323 i>, XX. vol. iii. (183r)), p. 29 ; atid see xnin". pi. xxxvii. fig, 7. 

^ XX. no. 1323 n. ® xx. no, 1323 c. 
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the hippocampal fissure in each, which accordliigiy passes above 
the transverse coniiiiissural system (Myra of fornix’) in the 
Marsujiial, and beneath the abruptly superadded ‘ corpus cal- 
losinn ’ in the iilacenUil Insectivore. Jn a similar section of 
the ]>rain of the Squirrel ^ the corpus callosum is of greater 
rrlalivc extent, as it is in all liodents as contrasted with In- 
scctivorcs, C^)nconiitauily with the appearance of the new series 
ot* transverse fibres liringing the hemispheres into communica- 
tion above their ventricles, the ant(irior commigsurc is diminished 
in size. 

Notwithstanding this dlfrerence in the kiinl and arrangement of 
the transverse connecting filircs of the hemispheres, these do not 
present a cori*es[K)nding rise of (levelo]>ement. In the snouted 
Slircws of Africa the brain, fig. 76, offers outwardly as low a 
cvnidition as in the Opossum or Dasyurc. All the four primary 
segments are in view ; the cpencephalon, c, mesencephalon, o, 
proscncei)halon, p, and rhinenccplialon, u, sue- 
eeed ca<*h other longitudinally from beliind 
forward, as in Jtrptilia, The multiplication 
of grey and white matter above the medulla 
rjhlongata mainly distinguishes the brain of 
tlie active Shr<?w from that of the slow Tor- 
tr>i.sc, fig. 4o; and tlie lateral lobes of tlio 
c:uvhelliim eany appoudng<?s, as in the Op(»s- 
siim. 'flic anterior higerninal bodies, o, nuich 
c\<’ 0 (‘d the ])osterior ones in size. A fccl)le 
ami iuterrui)tcd indication of llio medilatcral 
iougitiullnal fissure marks the upper surface 
of the hemispheres. Those are much contracted anteriorly. A 
sliort callosal fissure is added to the hi[)pocampal one on the 
imier surface of the hemisplierc. The rhinencephala are long, 
large, au<l pyriform. In the Hedgehog the ectorhiiia] 

iissuro is ajiparont in the uj>])cr view of the brain through the 
great relative size of’ the crura rliinencc])hali. 

Tlie Hats resemble the terrestrial Insrrfirora in their cerebral 
surface, as do also the smaller llodcnls. In some of the larger 
ones, Agouti, e. g. (vol. ii. p. 270, fig. 146), the modilateral 
f»ld Is better defined: l)ut the lieaver shows no trace of this, 
^6t!iougli tlie hemispheres arc broader anteriorly : they are move 
expanded liore in the equally smooth cerebrum of the Porcu- 
pme, fin*. 77 ^ liodcnts sho>v some variety in the shape of 
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the cerebrum. In the Lf^poridcc^ fig. 79, it is loz:eiigG-shapcfl, 
with the anterior borJers Jongor, and converging to a narrower 
(though obtuse) apex, than the jmsterior ones. In tlie. Paeas 
the cerebrniu is broader, with both ends more obtuse and larger, 
arid the hinder third is broailer. In Castor^ fig. 78, it pre- 
sents a full ovate figure. In 
Hystnx^ fig. 77, it is svib(|iiadr:itc, 
through increasing breadth of 
fore ])art. On the medial surface 
of the heniisjhoro the ‘ hippocani[)al 
fissure ’ is confinod to the hiiuler 
lialf; tlie* callosal fissure ’ is super- 
added, coinmen(‘ing at the ^ splc- 
ninm’ or ])oster!or genu of tlie 
great eonnnissiire, and rimning 
along its ni)[>or surface to tlie an- 
terior genu ; it is shallow, but now 
defines tlie true ‘ labium cerebri.’ 
On the under surface the ectorhinal 
fissure, figs. 83 and 84, 2, has the 
same extent as in tlie Wombat; it 
cr].<'rsKif,veof the hniii .>f tho divergcs, as it reccdcs, further iVoni 

its fellow, in fig, 83, through tlio 
greater breadth of the liasirhinal ])rotubcraiiccs, A. A feiv 
sliort fissures rise from its anUa'Ior iialf a little way upon ilu? 
hemisphere in tlio Cavies, as in the Wornliat. In tlie Por- 
cupine the sylvian fissure, figs. 77, 84, 5, is well markc<!, 
though short, and there is a feeble indication of tlic ‘ coronal 
fissure,’ 12 . 

In the smaller and especially tlie insectivorous Brnta the 
biain jiresents the Iksencephalous type, having smooth, low, 
triangular licmisjihercs, leaving tlie mesenceplialon as well as 
C])ence[>halon in view ])osterioi*ly, Dasi/pus lias the fore pari 
less contracted tlian iMurweroplinga^ at least than M, (Macff/lfi, 
In Bradj/pus the anterior expansion gives an ovate form to the 
hemispheres; and now, besides the hippocampal, callosal, ecto- 
rhinal, and sylvian fissures, the upper siirlacc shows the medi- 
lateral, suprasylvian, and frfmtal ones. The medilateral liends 
outward anteriorly, defining the ‘anterior lobe’ impressed by 
the short angidar or triradiate ‘ frontal ’ fissure. The above 
fissures mark out a medial, lateral, sylvian, postfrontal, and 
prefrontal convolutions. On^ the inner surface a supercallosiil 
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fissure now defines a ^ convolution of the corpus callosum,’ ' the 
lower margin of which, resting on that body, is tlie ^ labium cerebri ’ 
(,f nutliropotomy : in Sloths, as in Shrews and Rodents, it is an- 
terior to and district from the ‘ hippocampal ’ fissure and fold. 

In all Liiisencaphala the hemispheres present the following 
structure, the rise in which, as compared witli tliat in l\,yciu:e- 
phahiy is independent of the smallness and smoothness of those 
tlivisioiis ol‘ the .brain, 

Taking that of the Beaver {^Castor fiber), e. g., and comparing 
its ])rosencej)lialon with the suh-convoliite one in Phaseolomys or 
Mavroiuis, we find, on divaricating the hemisplieres, that the 
‘corpus callosum’ is brought into view, and on removing the 
cerebral substance to a level with this body, as in fig. 78, its 
fibres arc observed to div'crgc into the substance of each hemi- 
sj)here, some l)en<ling upward, but a greater proportion arching 
(lowinvard and conmiingling with those tliat diverge from the ccre- 
lira! nuclei. The portions of the brain which are removi.'d in 
tiuis tracing the extent of the corpus callosum bi'ing into view the 
corpora bigeiniiia, n, and the pineal gland, a ; but the optic tlialami 
are concealed by the great com- 
missure above described. If the 
])osterlor margin of the cor] ms 
callosum bo raised, its inferior 
siirlaco is found to be closely 
connected or continuous with the 
Iransversc commissural band of 
filu'cs, arcliing over the anterior 
pjirt of the optic tlialami, and 
passing outward and backwai’d 
along the floor of the lateral ven- 
tricles into the siibstauce of the 
liip[)ocampi, which are almost as 
large as in the Wombat. The 
anterior part of the corpus cal- 
lesuiu is bent downward, and it 

attached along tlie middle line 
el Its inferior surface by a uniting 
rnedium of medullary ►substance, 
the beginning of the ^ septum lucuhirn,’ to the hippocam])al 
f‘onnnIssure or fornix ; the tieniie hipjiocampi send forward, 
in the Wombat, a delicate layer of medullary fibres which 
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‘ * Ourlct ’ ttiul ‘ internal convolution ’ of Koville, xxv". 
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,j^pre«a(l over the nicrfal surface of the anterior lobes, and are 
lioinologons nith those marked o' in fig. 75, and in tigf*. 4 and 
f), ]>1. v5. LXX\ 

/riie corpus callosum l)eing removed, and tiro commissural 
fibres of the hi})]) 0 (‘ain]>i being left behind, the view of the 
Beaver’s brain now corresponds with that obtained in the dis- 
section of the brain of the Wombat, fig. 75, The artery of 
the jdexus (dioroides, ib. in l)otli the Bear er and Wombat, 
ente?*s the lateral ventricle, wln^nj the hi]>p<»eampus commences 
at the base of the hemisphere, and the plexus is continued along 
tiie under surface of the tamia bippoeam])i, and pas.ses beneatii 
the fV)rnix, through the usual fm-anuai, to communicate with its 
fellow in the third ventricle immediately behind the aut(‘ri<)r 
crura of the fornix, n liich are sent down in the Beaver, as in tin? 
AVoinbat, from the centre of the inferior surface of the hi[)])o- 
cainpal commissure. 

If wc ex]M)se the lateral ventricle by removing its outer 
parietes in a inarsuj)ial and placental (juadruped, the hii)))ocam- 
])iis major, tlie tamia lii)»pocainpi, the ))Iexiis clioroides, and tlic 
foramen Alonroianiiiii arc brought into view. If a style bo 
thrust transversely through the inttu'iial wall of the voutriele, 
immediately aViove the hip])ocainpul eommissure, in tlie ])la- 
ccutal r]uadrui)ed, it enters the op[)osite ventricle and ))erfbrates 
the septum lucidnm, passing^below the corpus callosum. If th(> 
same l>c done in the Marsu|)ial brain, tlie style passes into tlie oj>- 
pr^sito ventricle, but is immediately brought into view from above 
by tlivarieating the hemispheres. 

The (‘oimnissiire, answering to tlic ^ lyra,’ rejn’cscnts the begin- 
ning of the corpus (‘allosum ; but this determination does in)t 
invalidate the fact that the great eommissure which unites the 
supravtMitricidar masses in the Hedgehog, Beaver, Bat, and all 
other placentally developed mammals is a definite snperadilition 
for more effectually associating the liernisphercs in whatev(;r 
motion or change they may umlergo in the actions of the 
hraiii. 

All JAssmcrphala show a largo profiortional size of the hip- 
pocampi, fig. 71),,/’ and c, a small ‘ eorims striatum,’ rf, and largo 
M)igeminal bodies,’ //, wlvich bear the same proportion to eacb 
other as in MorsupinUfi, 'The smaller the brain, the larger is the 
share which the moscmec.'phalon takes in its formation, as in the 
Shrews and Moles (fig. 07). 

The rhinencejdialon, fig. 79, //, fig. 81, c, is connected by a 
broad and complex ^(‘rns’ with the under part of the hemispheres, 
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Ijaving the ^ outer root,’ fig. 82, .r, ^vliich h contimuMl from the 

basirhinjil tract,* ih. h, tlie ‘ Inner 
root,’ //, and tlie intermediate ^ per- 
f(»rate body or tract,’ il), r; the 
lateral ventricle i.s continued into 
the rlnncnccjdialon (iig. 79, h)> 




T:i‘ui:l Ill iriri’. / lliM-'ir, iii.ij.ir. 


.M-- .‘iTK'i'i'b.'iluti mill ^Oclidii (if (■('M.-Iiol'iiill, 
AvC'.illli. AXMl". 


riie clii(^r brain-clmrac.tcrs of tlie /^isiU'un'i/haJff are, tlic non- 
extension of tin? (na-idirmu over tlie cerebellum, the paucity and 

S-'i 
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r-M.-i- i.r ilio iiniiii, Ar:<-ii:.f. R'lpp yt[ iho hniiii, I’nrcui.iljiC' I lli/tttri.r cri.stti'u'i. 

I Mvt of tho f liAiifonii [ vutubci’ancc’or ‘ lobe of ilic blppocaTni^iiji’of sonic nnthro' 
pofomistfl. 
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sini]»lu*lty of folils on tlio exposed surfaoe of tlic licmisplicres in a 
few, their ahseiicc in most: tlnM'oimeetioTi of the two heinis[)]ieres 
bv a ‘corpus callosum/ as uell as by the ‘lyra’ and ‘anterior 
commissure,’ the absence of the ‘ septum liieidlim/ and the pro- 
portionally large hippocampi and bigeminal bodies. 

C. In this subclass tlic prosencephalon is rebi- 

tiv('!y larger, extending backward more or less 
over the ccrcbellnm Avitli a concomitantly de- 
veloped ^ corjuis callosnm/ the connection of 
which with the ‘ fornix ’ is now maintained, not 
oidy by tlio * lyra,’ but by the attenuated ver- 
tically (‘xumded sul>)a(*ent parts of the medial 
walls of the lateral ventricles called ‘septum 
lucid urn,’ tlieir interspace being the ‘ fifth ven- 
tricle’ of Anthropotomv, fig. 118, ?/. 

In some of the smallest species of Gyreri- 
(•ephala thoexposed surface ol* the cerebral hemi- 
> 1 CM, / . be smooth, or with few and simple 

fissures (fig. Off, Ihfvax ; fig. IfU, Trafjiilm ; and vol. ii. fig. 147}. 
'fhis stat<i ‘Iwes n.oi, h(iwev(‘r, relate to reduction of hemispheres, 
, blit may coexist with their 




i’r.iiji i'l « -11 •.Ur. i i’. 


extension over the wliolc 
cerobellnm,* as in some 
small (^Hudrnmaaa^ fig. 
lop, d/zV/fos' and CalUthrix \ 
but the increase of super- 
ficial grey matter by fissuri s 
and folds is now the rule. 

'riiree leading |)atterns <4’ 
convoluted surface, which, 
from the [irevalent dir(‘C- 
tion of fissuving, luay he 
termed the ‘ oblique,’ ‘ h»^‘" 
gitmlinal,’ and ‘ trans- 
verse,’ arc presented by tla; 
(hjrenvf'phuln^ and are ex- 
emplified, respectively, 

tlic ungulate, ungnicnlatc, 

and (piadrumanous divi- 
sions of tlie subclass, 
w i 1 1 1 s I a 1 1 (1 i n g , i 1 1 i 1 lese ge 1 1 c- 
ral variations liomologo^*'’ 


I xx\ ]»I. V., tl;r. (ISHG). 
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primary convolutions may be traced. The Prohosciduiyfi^. 108, and 
Cdffcm^ fig. 85, show excess of convolution of the ecrcl)ral surface. 

j^fasistratus ^ affirmed the convolutions to be most numerous in 
die brain of Man,* and associated them with his superior inteili- 
oence. Willis ’^ pointed out that the convolutions, though present, 
were fewer •in brutes tlian in Man; that the Ape had more of 
them than the Fox or Dog, &c. ; that paucity was associated 
Avitli regularity and symmetry of folding and with more deffinite 
and limited insllncts, while the want of syrnmetiy of the more 
richly convoluted brains w^as associated with greater diversity and 
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Oram of tin.* l>oJi)hin, Jhlphintis Ddj/hiif. 


(rcM'dom of mmiial operations. Hy these remarks Willis initiated 
tli{‘ <'om|)arative anatomy and phyv^iology of this part of the brain. 
Viecj d’Azyr '^ noted the symmetry of the convolutions in the 
hnnn of the Monkt'v, and contrasted it with the Avant of sueh 
i^yininctry in Mati. Aralacarnc * iirst defined a jiarticular convo- 
lution, that, viz., which overlies and follows the contour of the 
roi'pus callosum. Tiodomann docs not enter upon the comparis<)u 
tile convolutions; but bo first showed the order and periods of 
fiieir successive apjiearaucc in the human brain.’’ Serres’" stated 
fiucin to be too inconstant to characterise species or lamilics of 
Mjnninnlia, I early made observations to test this question, and 
'u l8.‘)3 I eommunieated the results in regard to the convolutions 
ul the cerebrum in the Fididm^ distinguishing the ‘ folds ’ by 
‘Hers, aud the ‘fissures’ by figures;^ ami findiiux that their 

^ ‘ . * XKvr*. ^ xi.vir*. 

tliis mode of in)t;ition luvs reversed l>y a subsequent aulb<»r, but no mlvau- 
•'b'- from Oie inuoviUiou is jn/uUed out, or sccius to bo gained thcrob/. 



ANATO^klY OF VERTEBRATES. 


llfJ 


homologuos could be traced from species to s])Ccies in that family, I 
distiuguished most of them by names. 1 further eiUerccI jipon tlicir 
class! licati on, and definetl tlic ‘ primary ’ and " secondaty ’ ffssur(*s 
and folds, showing that the ^ secondary tissui^es Avere in general 
less symmetrical than the primary ones’ (xLvn*'. p. 134), and 
that the dilferences ol)sorval)le in the brains of the rfv/n/rc were 
due eluefly to the absence of more or less of the secondary eonvi)- 
lulions in the smaller species; ‘‘in the common Cat the principal 
fissures, or aidractuosities, are less obscured by fissures of the. 
second degree than in the larger Felines’ (ib. p, 133).' M, 
Loiiret, in citing this attem])t to bring the coiivolu<;i«)ns within 
tin* domain of com|>nrative anatomy,” has exttmded, in association 
with l'»is colleague, (iratiolct, the like comparison otlna* 
species and fimilics of Mammalia. Fovilkr^ arranges the cerebral 
convoliitums into those of the ‘ first,’ • second; third,’ and ^ fourth 
orders,’ eliara(*terised |»artlyl)y position, partly by dirc(*lion ; and, 
in ea(‘h onler, tliey are subdivide^I into ^groups.’ This system, 
bas(Nl tnainly on tlie stmly of the ]>arts in tlie human brain, has 
its utility limited tr» An(hr«»p(>tomy ; the eom|)ai*is<ms not having 
been earriv'd to tlie ('Xteut re<|nisitc for detining the cerebral ti-- 
sn res ar*cording to tlieir order of af)pearan(*o or constancy in the 
Mammalian series. l?rior to the a])|)earaneo of Imtli these works 
I had (‘ontinuerl my oliservations as opiiortnnities presented theiii- 
selves; and gave tlie residt of such extended comi>ansons in tlie 
('ourse of (-.ectun's delivered at. the Ivoyal (‘oUege of Surge* ms 
(4' bbigland in 1S42; mv diagrams llierts in whh'h homologvms 
con /olutions are indicated by culours, may still testily in part to 
the extent to A^hicll the comparisons had beem carried; the inai!i 
aim wliloh 1 bad in vii'w being flic determination of the bomolo- 
gons and sujiera<lded convolutions in the more complex prosen- 
(a plialon of' Man.^ 

in the Carnivora, t») llie rhinal, figs. 00, 92, 2, lii[>poeampal, fig. 



4, callosal, il). 7, and sylvian, fig. 90, ■>, 
fissures, are ad<!ed, in the smallest sp(‘cies 
( /V7er///.v), the fissures 8 and M, fig. S7. 
Tlie first, commencing near the posterior pai t 
r>f the hemispbere, at n, extends forwanh 
e(|ually bisecting that part of the sur(;u e 
belween the intcrhemispberal and sylvian 
(:)) fissures, tlien bends ontwanl parallel 


Avith and in front of the sylviaii fissure. That marked it exlem!^^ 


‘ 4’lic [-R'ljMiirMry .-kitcli ot tl.v li'stnry ofihis part of ccMcbral niuit'any is from tin- 
latli Loctuiv of the lliiiitorijin course P-r 1842. xi r*. vol. i. ]>. :>«S0. 

■* xsv‘\ (IHM). ‘ ‘ M; di(U;l Tiii.es/ Nov, 12, 1842, vol. vii. p. lOl. 
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from tlie iiiterlieinisplicral fissure outward and sli^litly forward. 
Tlie upper, .part of the lieiuispliore is thus here divided into tracts 
Avliich may 1[)e termed ^ medial ’ /, rn, sylvian c, and frontal y/*". 

In a small PlaiiTigradc, the Coati {Nasua), wc find a longi- 
tudinal fissure, fig. 8«S, ii, ii, Avlileb diverges outward as it 
advances^, and a fissure, fig. 90, 8, which is in advance of and 
paralh'l with the sylvian, 5, hut curves backward overarching 
that fissure and subdivides the cerebral tract Iietween the fissure, 5, 
and the one marked ii. Here, therefore, is a ground of clioice, 


S7 



Hj-V't'!’ vlt'W, Corttl. Fi'X. 

Pnii>nu.i. I’l-iM r surf/«cc of ri-.-lU hoiir;>|i!ii.T(.'. 


whether, viz., the fissures 8 or ii in the Coati l)e the liumologuc 
oh thai marked 8 and li in llie Stoat. The homology of n is 


90 91 92 



clearer, aud tlie tract anterior tlierelo is more defiuilcly or deeply 
snixlivided into a su])eriroiital Ibid and a midfrontal one 
f‘gs. 88, 89, Coati, Fox. 

In the Cat, figs. 83, 91, the longitudinal course of tlie fissuresii 
and 8 is more extensive; the obliciue fissure 12 crosses the anterior 
end of II, and marks out an anterior tract which is divided, trans- 
|eisely, l)y u. A fissure, lo, following the hinder contour of tlie 
‘Ciuisphcre, bends forward, between, ii aud the intorhemisjibcral 
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oiie^ as if to subdivide the medial tract, fig. 88, /, and is coTitiiiiicd 
far forward in the larger Fidida*, though shalloAv like a secondary 
fissure. The sylvian fold, c, c', also begins to be subdivided by the 
secondary fissures s', s', fig. 91, which are nioie fully establislicd, 
arching over the sylvian fissure, at s', in the Canidcc, fig. 92, Fox. 
On tlic inner surface of the hemisphere the snpercallosal fissui’e, 
fiir. 86, in the Cat, rises anteriorlv diverging: from the callosal 
one, 7 ; the frontal fissure, i t, extends backward into tlieir inter- 
space : the marginal fissure, ib. g, runs parallel with the super- 
callosal one, 7 ', and is hmger in the larger felines; in which most 
of the primary folds are impressed Ity short secondary fissures. ‘ 

The cerebrum ol* tlie Cunlihc. figs. 89, 92, Fox, is longer and 
narrower anteriorly tliaii in Felithe, fig. 88. 'J'he frontal fissure, 
fig. 89, 14, marks out a longer anterior lobe: tin? medial fold, ih, 
/, L is more longitudinal, less bent outward anteriorly ; the lateral 
or snpersylvian fold //, //, lias a like character : tlic sylvian fold, 
fig. 92, c, (i\ is sul)di^Kled by the secondary fissure, s', arching 
over the sylvian one, o. The conmal fissure, 12 , is now recognis- 
able. The anterior lohe is equally divided by the frontal fissiu'e, 
fig. 89, 14, into the ])ostfrontal tract, y/, and the i)refrontal, \ 
i^lost of the primary folds are marked by secomlary fissure's, and 
tlie number, extent, and dej^tli of these ehiefiy distinguish the 
brain of the Dog from that of tlic Fox. 

The brain of the Hear (CV.9//.?) is more oblong than that of the 
Fox. The frontal fissure marks out as long 
an anterior part, in which the snbfrontal n\ 
inldlrontal //', and superiVontal y/", tracts arc 
indicated by secondary fissure's : Imt the me- 
dial fohl, /, is more extensively bent outward. 
The medilateral fold, !//, is still more bent out- 
wuird anteriorly from the longitudinal course;. 
Secondary fi.s.sures impress the surfiice of 
several of the primary folds, especially the 
liruad anterior part of tlie medial one. The 
cerebrum attains its grcat(;st relative size 
and complexity of stnieturc, in the present 
grou)), in the Seal family, fig. 98. The 
horizontal contour of the brain is almost 
Seal iVhocM). rpjM r f urfaci circular, and the surface of the hemispheres 

of rJ.Klit liOinlsj'Ji /»» j. /• j * 1 . 

olTcrs, at first view, numerous convolution^ ? 
but a comparison of tlieir relative depth serves to distinguish the 
secondary from the jirimary ones, wdiicli latter are the folio"'- 

* xr.vir*. pi. 20, figs. 1-..3 {F, juba(a). 
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jjio-: — The |)r(Trontiil lohc., //", ?/*, os (hvfincd hy flic fissure n,- 
fiii*. Oo, i» sliorler thiiii iu tlu*, h'eliijes; holli medial 1, modi' 
lateral w, and supersylvian ff, folds, are loni^ltmliiial ami ])aral!c], 
hut ^vitll oulIinesVavy tliroiiij;h secondary fissures. The sylvian 
jissurc, marks the sylvian fold, whioli is not eontinuousiy or 
^■/ell defined, the laLu’al fissures heiiiiv too irn‘oidar and inter- 
rujited. The ectiu’hinal fissure, throuij;h the vortical extension of 
ilie natilorni protiiheranee, is more inien‘Uj)led tlian in other 
('(innrordx hut it is continued liaokwanl from the sylvian tissure 
iiiid dedines the mesial non-con voluled })ari of ihat |)ro(iii)eraiK‘e 
(!*asirhinal tract). Tlie orbital fbld, boundiiiu’ t'Oe outer (‘rus and 
^ld\! vsf the rliineiuH'phalon, is defined hy l!ie ent<u'l>iial nssnre, 
more extensively and definitely in tlu‘ Hard than in most oilier 
(Carnivora. The mass of* tlie limni>|>h<*i cs I.KMiind the syhian 
fissures is relatively f!;reater than in other (’avHirura, and a lanycr 
jiroiiorlion of’ the cerelxdlum is eoveiaal thereby. 

The ^i^eiieral ]>arallel loni»'ltiidin:il y 4 

eonrse of the primary folds, c, //, /, idia- 

j'acteri.stie, of tlie. liemisjilieres of (V/?*- j V/ \ v 
/iironi, is more strictly preserved in the 
fit»\ D-l: ; but with great inereas(‘ 
of eerehra! substance, and cspeeially 
of the exterior layer, by tlie very mime- 
rmis st'condary fissures, wlih-h mask the 
true eliaraeter of tlie |)rimary ones, i 
and 8, until a eomjiarison. of the relative 
depth unfolds it.‘ 

Although the olfactory nerve bo imt 
«!.nci(.j)c(i in ih:i/>hii,i,io’, tlie riiitwi, lii;-. 
hb, />, and hasirhiiuil, //, tracts are de- ii i.e iii.j.. 

fined by the ectorhinal fissure, 2, a eircumsiama* significative of the 
derivation of this marine family from some form of the Mammalian 
f'lass, retaining, as in lhdaul(la\ the usual provision of nerves of 
^^pceial sense. In fig. 9') are shown the extent oi* the eorjuis 
eallosmn, /», the ilejith of the cerebral fissures, ami the ]U“oportions 
'd tlie ‘ cor])Ms strialimi,' ^/, A, tlu^ opdic tbalamiis, /, timl the 
ldppoeam[ms, (/, ndtli Its unusually broad ‘ taaiia,’ //, or iVee border 
(^nntiiiued into the ‘ fornix.’ A beginning of the ‘ posterior honv 
*d tlic lateral ventricle is now first shown, 

‘ file primary cerelirul convolutions in thelioofod Mammals have 

ill of llio rurj)ois<r.s hniin, by wliifh I sbowet this stniotinv in the 

uiitcnaii CuiD'sc* of 1842, is pr.4»al»ly still proi^Tvotl in tbo Musciiiii of the lioyal 
' iic of Surgeons ; the primary eonvoluiicn </ is romoviMl. 
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!i general (lij«i)OsilJoiu converging from l)oliintl forward as far as 
the anterior tliird of tlie cerebrinn, and llicnec diverging, but in 
diffennit dogroes/^ liotli Artiodaetyle and iVn issodactyle orders 
include species as small as a rabbit ; yet the I'^igmy Clicvrotain 

95 





{Trariitlua. fig\ lol ) and tlie lioek-Ci>ney ( /A///7/.r, fig. 1)0*) alik(* 
nianiti st the essential gy reiiceplialous cliaractca s in I be cxlind 
wbieli tlio cerebruni (prnscnceplialoii ) covers tlie cerebclbiin, 
aiid tlie degi'cc in wliieli its surlace is folded; botli, likcAvise, 


9h 97 '.‘S 



I'l I < »■ .'njT\fc of 111. Flir.ic. IFMr.'f. larinfH t ius. 

I'l'P' r .“iirfun.* of rii/lit lit nils|iln.‘i(‘. 

muiifest tiie. Ungulate cohvolnti<»nal ]>altern, albeit excinplifi*^'^^ 
In the siin}d(.\«t measure by tbein in tlieir nsjK'clive gr«)n|>J^» 
Th.i brains of liolli 7 /*/'// and Jhjrax sliow the following 


* v. i». r>n. 
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|)rlin:u\v : octo- and ciito-rliinul, lii|)]K)cam|>:il, fin\ 09, a, 

evlviaTi, Hg. 5, fig. 00,7, lain])ti()idal, figs. OG, 101, 13 , 

and initoliiinlxloidal, fig. 00, la', suporsylvian, fig. 101, 8, rnul 
lateral or inodihitc^’al, il). lo. In Tracfuliu^ fig. 101, this is sliglitly 
iudu*ate<l: in Jhjruj:^ fig. 06, lo, it is longifudinal hut short. 
Ilifuix also shows a frontal fissure, ih. ii, and the postsylviau 
lissurc, ih. o. Hut tlie chi(d* diflcronee is seen in the course oftlie 
fissure 13, Avliirli, impressing the inner and [losterior side of the 
Jieniis|>here at fig. 00, la', converges Inward its fellow in Tnifjuhts^ 
hut diverges as it advances, in llijrax^ and extends Ix^yond the 
iVv»utal fissure, it, simulating the longitudinal one in the .same 
jiart of the hrain in the vVgonti, Sloth, and vVye-aye. Its fore-iairt 
I'uiis into the snpei-fVontal fold, //, or divides it from the siih- 
iVoutal, AVo may trace the hornologue of la, interrM])tod hy 
seeoiid.arv fissures, marking off a less elongated mesial tract of the 
lu’aiu, in the Horse, fig. 07, and l\hiiiocero.s, fig. 08. The primary 

oa luu 



li-'Uivs, in y/y/Y/.r, define the folh»wing folds: viz., sylvian, figs. 
Oti, lO()j e, v\ postsylvian, ih. /*, part of supersyl vian, ih. </, 
hlending with the iiiedilateral or medial, /, the cntolamhiloidal, 
fig. 00, //, rising to tlie upper surface, eonlluent with tlic tract 
rejireseutiug the snperfrontal, in like manner the sylvian, 
fig. Of), e', hlends with the sul)frontal tra(d, ih. ii'\ On the inner 
^^mlaee of the hemisjdiere, the hi])])oeam})al fold, fig. 00, a, the cal- 
and eiitolamV)doidal, //, are defined ; with an indication of 
a faleial fold, o\ The ectorhinal fissure at tlie base of the 'oraiii 
fxMuids the outer side of the rhiiieueephalic part, and divides it 
from the more exterior ])art of the ‘ natiform protuheranee.’ 
lu the larger Perissodactyles, the expansion of the hiiulor part 
the hemispheres is attended with a greater recession of the 
^iipersylvian fissures, fig. 07, Horse, and fig. 08, llhinoeeros, 8, 
outward and liaekAvard ; they also become dec[)er, more contimions, 
311(1 more wavy: the lateral or medilateral fissure, lo, is iioav deve- 
f’lped to a similar extent, running ]>avallel with la and s, and witli 
*'iore depth in lilunoccros^ fig. 08, tlian in lujuifs, fig. 97. Iloth 
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I and ff bend outward anteriorly, in Rhinoceros., in a more definite 
nay than in Eiiiius, Tlic anterior lol>o, niark<‘d off hy the .short 
fissure, 14 , is relatively larger in every dimension in tlie great 
l^erissodactyles, and is broader and deeper in t»he Horse than in 
the Kliinoceros. The tract of the inner or mesial surface of the 
hemispheres above the callosal fissure, fig. 100, 7 , is impressed by 
the parallel ‘ marginal ’ fissure, ib. 6, in both hirge Ihnissodaetyles ; 
and the callosal fohl so defined is subdivided by a secondary 
intermediate snpereallosal ’ fissure, more contiiuions in the 
Kliinoceros than in the Horse, into the ‘ callosal propei',’ A, and 
the su])ereallosal, k\ folds. licslde the fahnal fissure, ir>, there is 
a prefrontal secondary fissure ; and the septal or postfalcial sur- 
fiice, y/, is extended by secondary fissures. The increase and 
complexity of the upper convoluted surface of the hemispheres in 
tlie larger Perissodaetyles are due to the full establishment of 
jn-imary fissures, upon the plan sketched out in llt/rax^ to their 
more wavy course, and to the siiperaddition of secondary fissures, 
indicated by interru[)tcd lines in figs. 97 and 9<S. 

In jiassing from the Pigmy Musks to the brains of larger 
dactijksj we find the fissure which is feebly indicated at m, fig. 



Trij-'iiltis. O-rvu:;:. (.iriffi.-. 


101, TraffuluSy fully developed in figs. 102 and 1.03, and di- 
viding the triangular tract into the o1dif[ue folds I and (j : which 1 
hold to include the same parts of the cerebrum as the more longi- 
tudinally disposed folds lettered y, /, ?/i, in Canvxoriu In some 
small CerimUe the secondary fissure, ii , is not present : in most it is, 
as also in the liollow-lioriied Ruminants, Giraffe, Camel-tribe, fig. 

Auchenia., Saidw^iig, 104,aud The lambdoidal 
fissure, 13 , retains its character, as in Tnujuhis^ viz, sliort, ante- 
riorly convergent, and continued on the inner surface of the lieini- 
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F|)1iev(> ; not so longi I ii<1 i mil ! y oxterided aloiif;- the mesial mavgi n of the 
hemisphere as in Jlyrax and lujmts. 

The folds, /and ///,figs.l02 105,eomc ^ 

into contact at thxj middle part of the v iy 

iritorliemispheral fissure, and sliow 7/\ 

tli(‘ir character as medial ones, ill llie ' S %/2 r \ 

larger Artiodactylos. In Cennis, fig. A 

102, / and (/ lilencl antorioi’ly, and arc I ^ 'A \'\'-:\! ) 

C()ntimiefl into the frontal tract, ?/, \ 

the anterior longit udinal snhdi visions \ V \A Hi ' j) 

(?f ^vhieh are marked off hy the short V\ V K u ( y 

fissures, i i'aiul u". In the Girafie^ 

lig. lO:), tlie p]*imary fissure, lo. is Au.iuMn.i. 

continued by a liend which may indicate 12 , into the midfi'ontal 
fissure, 1 1 ''; in most Ruminants the supersylvian fissure, 8, extends 
into 14''. On tlie inner suriace the same course of complexity adds 


iX 

'X/2 'rA 
















to the jirimary hippocampal, 4, callosal, 7, and entolambdoidal, is', 
fissures, shown by Triujulnii and Ujjraxy the marginal, c, super- 
callosal, 7 ', and falcial, i:>; the supercallosal, Avhich is interrupted 
in the Shccji and Ox, is H)8 

continuous iu the Giraffe. -a-— 

Ja-ss significant secondary XX 

fissures impress both fore r ''f^y ^ X 

and hind parts of this sur- /r-y-' ' / 

face. Below tlie sylvian /X V 

fissure, 5 , aiul fold, c, c', 

a narrow undulated ^suh- 

sylvian’ fold, fig. 107, 1 

(iiraffe, divides them from V:^ ^ A 

the ectorhinal fissure, 2 : it ^ .y 

is not ])rescnt, at least as a 

<‘on volute tract, in Terisso- 






Kleiilmiit; view of cerebral homlgi'liere. 


oactylcs: it is well marked and rises high up the sylvian fissure 
in Brohoscidiaus, fig. 108, We sliall meet witli this sub- or euto- 
sylvian tract again : it attuiiiB its greatest extent of surface in Man. 
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The sylvian^ e, and ^upcrsylviaii, //, folds are more undulated, 
or interru]>ted, nnd less neatly defined in the Ungulata, at least in 
the larger species, than in the Carnivora. They are still less de- 
fined in the richly convoluted brains of the Ih*ol>hseidia, fig. 108, 
and Cetacea, fig. 94. 

AVith rea’ard to the Ungulata the choi(?e of lo or in for the modi- 
lateral fissure lo, fig. 91, in Unguieulata, may long lie undecided, 
and consequently the choice of lo or ii, for the homologne ol the 
lateral fissure ii ; l)ut (he determination of the su|»ersylvian fissure, 
s, will ]>!*ol)ably bo acoo[»ted, and on this basis, witli the relations of 
13 , in', figs. 9() — 107, to the inner surface of the hemisphere, I 
am now, as in 1812, guided in the above determinations. 

In the I.rmuruhv the cerebrum does not extend over the whole 
of the eerebellum, fig. 109, Aye-aye: it does so in both l»hity- 
rhino and eatarhine groups; but there are s])ecies of Quadnitnand 
more diminutive than any of the Ungulate Alammals, and wltli this 
infantile character is associated afcctal smoothness of llic cerebral 



5 iiioiitl) j. Ayo-ayi*. Macacu??. 


surface, irrcs])cctlvc of the relative size of the hemispheres, figs. 
109 and llfi, IMidfu. 

Every quadrumanous brain shows tlic eetorhinal, fig. Ill, 2, 
cntorhinal, ib. 3, hipjioeampal, fig. 110, 4, callosal, 7, marginal, 6, 
and sylvian, fig. 109, n, fissures. In the (lahigos and Slow Lemurs 
a beginning of other fissures appears on the upper surface; but 
they are not fully marked until the species attain the size of tlic 
Aye-aye and Lonmr. 

In C/iiromi/s tlic fissure, fig. 109, ii (Aye-aye)d commencing in 
a<l vanceof the posterior border of the hemis])hore, ad vances, slightly 

* cii*. pi. xii. fig«. 3, 2 ; it combines, also; the character of the mcflilatcral, 10, hi 
Carnivora. 
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Inner .-urfarc nf ■•i-rrlT.il henilsi'ln'i’e, 


to the anterior fourth ; and there marks out an iuci[)lent 
(M>r(mal fissure, 1-2: it then bonds inward and is contimio<l into a 
fissure, apjiarontly answering to that marked u xnFdis, The sujicr- 
sylvian fissure, il!. 8, e, y/, arches over the sylvian, n, and postsylvian, 
0 , fissures and folds; the postsylvian fold, /’, being defined by a 
slnn-t postsylvian fissure, o. Subfrontal and rniilfVontal folds are 
indicated l)y a sliallow subfrontal fissure. On tlie inner surface, 
fig. no, besides the liip|»oeampal, 4, eallosal, 7, and marginal, o/ 
fissures, a post-'bipjiocanijial, 4', bifur- 
cates, and defines entolambiloidal, //, and 
septal, .S’, folds. Tliore is also the hc'gi li- 
ning of a faleial fissure, ir>\ and fold, t. 

'file vertical extension of the natiform 
protidicrance, fig. Ill, arrests tlie 
cctorliinal fissure, 2, at the sylvian one, .5. 

Idle Aye-aye agrees with the fiemurs and .v.v..riyr>. 

all (^uadruinana in this resjiccd ; the liomology of /y, fig. 1 1 I, with 
tli(^ liasirhinal fold, figs. 52, //, 82, //, in 7^//- and Liss-t 7 irfy//ir//f/, hi 
niasked by .such interruption of the fi.-’.siire, 2, in Qnndnnuamu 
In Lemur [>rop('r the lateral fissure (hetween I and //, tig. 116) 
shorter than in Chiroun/a and is not distinct from the snpersyl- 
vian : in .‘•omo sjieidos it bends outward more abruptly, in so far 
marking more |)hiinly the coronal fissure, :2, as in liighcr QfuftJrU’- 
munu, and indicating a longer anterior lube than in ihinnufjsi 
a irontai fissure, it"', a])pears there. In the main wo recognise in' 
the cerehnim of and in that of f ery/Zee/’//, the 

primal V division of the n[)])er mass of tlie hemis[>here into suh- 
parallcl folds, nualial, L medilateral or su[)(‘i*syl vian, «/, and 
sylvian, c; Init, sliorter and more bent as tliey recede from the 
midtile line ; with indications of a longer anterior h»l )0 or tract, 
flit' hippocampal fissure is prolonged into a ‘ post-hippocam[)al,’ 
kg. 110 , 4 ', as in higdicr Quadt innaua. 

In the diminutive IMatyi’liim? ( Goolfr., Jigs. lOt), 116) tlie 

^'inoothness of the upper snrfaec of the hemisphere is lirokeii only 
l»y tlie. extt'nsitm tlicretin of the sylvian fissure, .5. In the next 
^iage ( CaHithriv) a ‘ [lostsylvian fissure,' ih. 9 , is added, and 
^lie heinisph(‘re may also .‘^liow a longitudinal fissure, tig. 116, 8, 
curving, like the sn|)ersyl\ iaii, over the end of the sylvian, 

‘‘nul postsylvian, 0 , fissnre.s ; but which, in relation to inter- 
kemispluu-ul fissure, eorrosiionds rallier with tie lateral fig. 89, n, 
Caviilrorax the large anterior tract may show a short frontal 
h-^>urc, fig. 101^ I 4 "g In all the small Platyrhiiies ( J/yVA/.v, CallL 
* <’ 11 *. I'his luis als'j the charaetev of die ‘ suporcullosal/ 7', fig. 117- 
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th'ixy fig. 109) the sylvian fissure, 5, and fold, are directed 
more obliquely from above and behind, downward and forward, 
than in the Aye-aye, ib., and most Lemuridte : this character 
appears to be due to the preponderating growth of the frontal 
lobes, and becomes more marked as the Qundrumana rise in the 
scale. Wo next find that each hemisphere is divided into an 
anterior, middle, and |)ostcrior tract or region by two deep and 
extensive fissures, i2 and la, Macaens, fig. 109, and CehuSy fig. 11 G, 
which, from their respective coiTcspondence in position with the 
coronal and lambdoi<lal sutures, bear the same names. 

In Cehus tlie sylvian fissure, fig. llfi, 5, is overarched hy a 
suliangnlar ouc defining the fold, from 
the angle a fissure, is, extends to the iiiter- 



luMuispheral one, and is continued deeply 
down tlie inner or mesial surface. Out- 
wardly the lamlKloidal fissure, 13, defines 
and undermines a posterior part of the lienii- 
s])here, by raising which the continuation of 
the jiostsylvian fold,/, may be traced beneath 
it. The chief (lifforenco between tlie cata- 
rhine and lemurine hemis[)hcres, at the inner 
surface, is thesiqioraddition and iuterjiositiou 
of the entolambdoidal fissure, la', hetwiM^n 
the post-hippocampal, 4', and marginal or 
super-callosal, 7', fig. 117; the entolaml)doi(Ial 
being sometimes continued into tlie ])ost- 
hippocampal fissure, as in fig. 1 IS, la' — 4 '. 
'riic almost transverse fissures fig. 1 IG, i‘>, di- 
vides the large anterior from the middle lobes. 


I I 111 the latter, however, may he recognised tlie 

short tract, /, aw, conibiniug the ‘ medial ’ and 
‘ inedilateral ’ folds, but more transversely disposed than in Carnl- 
vor(L\ pushed out, as it were, by the "backward growth of the 
anterior lobe. Secondary fissures there indicate* frontal, ?/, mid- 
frontal, ', and super! rontal, u', folds. One or two longiludlnal 
occipital fissures mark out corresponding folds, Ay", Ay'". The ecto- 
rhinjd fissure, fig. 111 , 2 , sinking into the sylvian one, may have a 
continuation in the anterofiosterior fissure, ib. 2 ', wliich divides the 
^ natiforin protuberance’ into a medial or basirlilnal, A, and a lateral 
moiety, y’'. In most (‘atarhincs the coronal fissure, 12 , figs. 1H> 
IIG, extends, fnun within, more obliipicly (orward and outward; 
the homologues of the iilatyrhige fissures and folds arc clearly 
seen, as marked by the figures and letters in Macacus and Cebus', 
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fifr. 11(3. Socondary fissures subdivide tlui orl/ital as well as tlic 
jin.iiital and lalcial surfaces of the anterior lobe : the surface reslin^ 
on the orbital plate of the frontal 
hone, in the Orang’s Imiin, fig. 

112, shows the following con- 
volutions : — postorbital,’ n, inid- 
orbilal, o', ontorbital, e", ect- 
orl)ital, and antorbital, o**. 

I'hat which lies external to the 
rliiiial fissure or depression is not 
pni)divid(*d into ectorhinal and 
enlorbital folds as in Man, fig. 

120, //, o\ Similar secondary 
chinks furrow the oeci|)ital lol)e, 
on the tentorial surface of which 
(he t(‘ntorial fold, iig. Ill, r, 

<li(i entotentorial, r', and eerto- 
iciitorial, r", are now defined by 
the fissures, is, is', is"'. Tlu'se 
folds are more or less coutimioiis with the laisirhinrd, />, and sub- 
sylviiin, J\ tracts, 'flie inefreasing numl>or of secondary fissures 
jind tlie greater (h'ptli and more winding course of tlie pri- 
mary ones mainly characterise the brain in the Orang (vol. ii. 
Iig. MS) and ( ■himjianzee, fig. 114. The tract between the 
iiitcrheinispheral ami sui>ersvlvian fissures Is subdivided into 
medial, /, medi lateral, n/, and snpersylviau, //, folds, fig. 11(>, 
( liimpanzeo : w(*. have evidently here the correspoudiug parts of 
i!ic hcmisj)hores tliiit form these fohls, or parts of them, in 
( W;7//rom, 

1). An:/inirrj}ltnhf, — The same prlnciide carried Mbrindly to an 
eMrenudy greater degree, as in figs, 115, 1 1 G, lloino^ associated (as 
cianpared with (lorilla^Q, g.,) with a greater proportional bulk of 
tlie brain to the liody, and with a still greater |)roportional size of 
the cerebrum to the rest td* the brain, characterise the Archcnvvpiur- 
'fxis subclass, from ihe. lowest varieties (Australian, lioscbisinan, 
lh>lt(‘ntot) to tbe highest. These proportions have thoroughly 
''tood tlic soYorost tests, as where the diininutive female in such 
has been selected to exemplify the brain-charaeters, 
with a view of rediudng the chasm betNveen the gyr- and arch- 
^’neoplirdoiis brains to a minimum. 

l>eiv)re entering into the details of the complex convolutional 
p‘‘lace ol the human cerebrum, I may premise some rocajiitu- 
hitory remarks. 


112 
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^ Wa lire giuded to the liomologous parts of the eorehral homi- 
8 [>heros tlirouii'hout tlieir range of tlevelopiiincnt in llic Mannnaliim 
class, in a great nioasiiro, by their relations to other parts of th(} 
brain. Tlic j>ortions more immediate ly snrrouiuliiig tlie eerebral 
ernra,* thov^e which overarch the corpora striata and thalami and 
overlie tluv olfactory criira, or at least their beginnings, can 
hardly be doubted to be corresponding parts in all Mammals. Tin* 
inferior prommenccs behind the “ ernra rhinence[>hali,’’ forming 
the “ protiibcrantia> natil’onnes’' of some anthropt)tomist.s (// basi- 
rhinal fold ), the inverted hippoeam])al fobl, its labia and (issiire, 
are plaiidy determinable tlironghont tlie class, as is also tin* 
sylvian fissure, r>, somewhat less constant, dividing the part: oi' 
t!)e heinispliere terminated by /*', figs. 1 lo and 1 15 , and sometimes 
called infei*ior lobe,’’ from the part whi(*h is in front of it: the 
sui^oraddcd cerebral siibstanee to (he above more (*oiistant part ; 
of the bemis[)hei'es is tliat wlneh, in Man, advances, ov(;*rla|>s, 
and extends l)eyon(l the olfactory lobe, and that wiiicli extends 
l»ackward in like rclatiia) to the cercl)(‘!liim. 

* If one can predicate homology of any folds or jissnres of th'- 
cerel)ral siipeidicics, tlironghont the Mammalian class, it nms’ 
be at the above-defined middle part of tlic luoi-e devedoped 
hemispheres, and especially at those fissure:-, viz. 2, ectorbiiial, -t, 
hij}po(*ami)al, 5 , sylvian, r, callosal, 7', .supm-callosal, lliat are the 
most constant tliroiighout the series. The uji|)er surfiice (►f tlie 
liemispheres, as we ha\o seen, is subject to dilferent ways cf 
folding : In Krliid/t.n the plaits go ai*ross, in Frlis along it, wliih* 
in /Jos and Slj/u'a. they run a-kew, yet coni raid wise ; in on..' 
from bchiiul forward and inwartl, in the other foinvard and out' 
ward. It may seem, to some, llmt each heading division oi’ 
Gf/rcnrrji/u/la slnnihl have its own -ystem (.f iiomcnclal urii asid 
symbolism (;f brain-ro]«ls -llmt bomohigous convoliitioiis can only 
be satisfactorily determined within the limits of such grouits as 
Gtifjiduta^ Ufhjtntotlattf ^ Quod rnnum/t. In a di'gree this is true: 
the gia:)unds of homology are such in regard to siane folds («> and 
7') as to leave room for dijlereuc,e of cluahai ; but tlnu’e are otlicis 
that have a sinan- liasis for lioinoh/gising;. Take, for exam]>le, lh(* 

“ sylvian fi -sure,' : the fold r*, (hat immediately ovei'are.lu s and 
forms it, is determinable; one part of the fold forms tlie anterior, 
the other tlui [K)s{<*rior, lip of the fissure; tliey arc united nr 
eontinuous l>y the <;vei’arching part in most Uni/idruhtcs and 
IJnfjuIntcH, d he !ioim;!{*gy of the ■•vKiaii fissure and frdd is net 
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obsouml T>y llio minor intcrsylviaii nonvolutlons, wind) arc ox- 
^)o>v.d in the Sheep and EIc]»hant, and arc concealed in higlier 
(^MiM(lrnniana and iMan, \vher(i Uu>y constitute the ///yW />yT?;c,s* ’’ ol’ 
Arnold;* nor is flmt ol* the anterior IIjx hy the iiiterruptiou of 
the eerosylvlan lissnre, in the Oat, fig. 91 , wliereby the sylvian 
is liividcd into parallel vertical folds, Avhich, with tlie intervening 
svlvian fissure, are overarched l)y the higher sii[)ersyl\ian fissure, 
11). 8. fn Qff(J(ln/m((na the posterior part of the snpersylvian 
lissure, fig. 109, 8, sonnitiincs runs into one, 9, behind ami parallel 
with the sylvian, 5. In *S'Av/oy).< the detuehed ])ost-sylvian,’' o, is 
-her! aiul straight, as in the Cat. 

* In the Marmo/a‘ts ( i1//^/rir.s‘, ( leof. ZA/yy/z/e, HI. J/n-r/fus rnh/tn'is) 

I lie sele su[>erfieial fissure on the exposed surface of the luani- 
sibeio is tlio sylvian, figs. 109, llfi, r>, and this deteriuincs tlie eon- 
ii«iUous ])art of tlu; henfispherc, c, to be tbe bomologue of the 
foM, \Vhen tlie postsylvian fissure a])|)ears, as in 
(^(iHilhrf.v. fig. 109.9, the jiostsylvian fold, /‘, is defined: it is 
eeilaiu (hat we now have the hoinologues of* the folds so named 
and numiiered in I ■ngiiiiuilates, figs. 90-92 ; and the advantage 
oT their determlnalion wandd be lost were W(* to apply new names 
totheM‘ folds, and fissures as if they were distiuet and superadded 
|i:ii‘ls in tlie <piadi’unianous and biinanons brains. The next fissure 
V. hich a))pears, in tlie Qtarlrnmaiia, answers to that marked n, s, 
ill fig. tS7, whi(’h is longitudinal ami bends more or less 

‘•111 ward anteibu’ly ; it divides, in ilg. lid, Ozz///V//rza’, 8, tbe cerebral 
MirliH-e al)()^ e flic sylvian and ])ostsyIvinn fissures Icngfliwise, into 
tu«) pretty etpial traets, and lends to mark oil' an anterior part or 
1 be of tlu* hemisplKU'e. 

‘ Proceeding with the more tv|>ieal Q/o/z/zv//;zzzz///, we find that, 
the pi\/gre.-’sive exjiansiou of the cerebrum, wliieh lias carried it 
l>aebward over the eoi\d)elhim, and aiiginented the outward and 
<lo\vnwiird exten.sion of tlie ]>art beliind the sylvian fissure, has 
added so mueli to tbe anterior lobes as seems to liave pushed 
I'uekward the rest of the hemisphere, and gives the sylvian, a, 
and postsylvian, /’, folds a more oblitpie direction from above, 
dtownward ami forward, than in most lower Ijiifjuicuhites, In 
fn.i^ Otter, indeed, and Lion, tbe sylvian and jiresylvian fissures 
sinillarly obli<pie : but the jiosterlor part of the sylvian fold 
‘br s not jjrojeet outward so far beyond tlie anterior jiart as in 
Qffxdrfntiana : this develo|)inent, together with the inteiTn|)tion 
die supersyhian fissure, and the extension of secondary 
^*"11 res at righf angles and anterior to the sylvian fissure, lend 

' !X'. 
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to mark the homology of the forepart of the sylvian fold in 
Qnadramaiifu upj)er ])art is now defined from tlic forejmrt or 
“ anterior lobe'" of the brain, by the fissure 12, fi^^s. 101), 1 Ki, wliieh, 
ie.stcad of being continued with or from the "longitudinal one, as 
in Lemur ^ fig. llfi, 8, extends from without, oblicpiely inward and 
backward, to or near to the interlieinisjdicral fissure. It is that 
which, from being first w^ell defined by the Italian anatomist' in 
the human brain, has been called lissura Rohindi,” but which I 
term ^‘coronal,'’ or “ coronal juirt” of the niodilateral fissure, in 
Ferines, figs. 88~f)2, 12.’ 

In the side view of the human hemisphere, fig. 11 - 5 , the fissures 
are indicated as follows: — 2, ectorhinal, external to the crus 
rhineiu*ephali, it is longer and more conspicuous in the lowei* 
JMammals, fig. 107 , 2, 5, sylvian, 8 , su])e?*sylvian, 9 , jjostsylvian, 
9', subsylvian, 12, coronal, la, lambdoidal, 1*, frontal j(or post- 
frontal), 14', su])erfrontal, 4"', midfrontal, u'", subfrontal, u"', 
ectofrontal, 17, occipital (or suj)eroccipital ), 17', cxoccipital, 17"', 
ectoccipital. The folds or convolutions are: — //, ectorhinal, c, 
sylvian, postsylvian,yb subsylvian, y, sui)ersy I vian, /, medial, 
niedilatcral (/ and as in Quudrumana^ are less distinct from 
each other, as well as shorter and more oblique, than in Canu'- 
■corrr), «, frontal (or postfrontal ) n\ superfrontal, n", midfrontal, 
subfrontal, cctofroiital, lainb(l()idal, <7, su[)eroceipital, y', mid- 
occij)ital. Homologous fissures and folds in the brains of tlK^ 

jiii'-t'it, 

Hi 



infuTit, fig. 113 , and cliimnanzee, fig. 114 , arc indicated by siinilai’ 
fiirures and letters. 

In the upi)er view of the human hcmisplicrc, fig. 116 , the fol- 
lowing fissures are marked:— 5 , sylvian, 8, siipersylviaii, 9, post- 
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svlvian, 12, coronal, 13 , lambdoidal, 1 4, frontal, 14 , supcrfrontal, 
1, ', nikl-frontiil, 17', exoccipltal, and 17“, postoccipital. The folds 
; c, sylvian, i, medial, ni, mcdilateral, n, postfrontal, n' , 

lie 

jIMas. CalHtJirlx. Maocxis. Infant, 7 mo. Adult. 



sii[K‘r(V(»!i(nl, it\ iniilfVontal, }<ii)>lV(>ntal, f>, eotorbital^ 
l;iinl)(lt)i(lal. y, (iccipitab surocci[)itiil, suboccipital. 

^I’lu' inimavv li.s.sur(*8 ou tlie internal (mesial) siivlacc of tlio 
li(Mnisplu.*re, fig\ IIS, are 4, hippocampal, with ils long bilurcate 



Vriiii’al eoci itni. hivtin of Ihibooii, 


{xMterior extension, 4 ', 7 , callosal, 7', su[)ercallosa1, fi, inavginalJ 
entolamlHloidal, here continued into the posthij)[)Oca.inj>al ; the 
•'^^^percallosal fissure, 7 ', bifurcates anteriorly, as in Papio, fig. 1 1 7, 
' and JWiccua (vol. ii. fig. 149). The surface api>liod to the 
j>art of the falx is impressed by falcial, IT), and subfalcial, ir/, 


'rii s is Kt;l(h/in so tlislinct or continuous as in the larger ungulates. 
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fissures, luoro or less }>iinillel witli 7'. The j)rincli>al folds defined 
hy (he above fissures are: — jmsthippoeampal. It, callosal, h\ 
su]>ereMllosal, h, marginal, h\ i>ostiuargiftal, ^/aleial, /', siihlaleial 
(which is the inner surface of c, entorhinal), /v', entolambdoidal, .s, 
septal. 

Anthropotoinists have jiriiuarily divided the lioniisidieric niass( s 



into gr*)Ups of eonwdiilions or Globes:’ some into three, viz., the 
‘anterior,’ ‘^middle/ and ^posterior’ lobes; others into fiv<‘. 
These latter arc termed ^central’ {lohus vcntralis), ‘frontal’ 
{lohiis frontalis), ‘ ])arietal ’ (lohus parietalls), ‘ temporal 
trm/joralis), ‘ occipital ’ (lohus occipitalis). 

The central lobe (‘ Stammlappen,’ Huschke) answers to the 
‘Inscl^ of Keil, and is not visible outwardly; it includes tlie 
‘ gyri breves,’ and is, l»y sonic, held to l>e peculiar to Quadru- 
wana and Bimnna (but sec figs. 1 17, 118,/',’/'). 

The ^ frontal hdie,’ fig. 119, f, includes so much of the anterior 
lobe as lies in advance of the ‘ frontal fold,’ w, n, and is subdivide^l 
above into tlie superfrontal, n , midfrontal, n” , subfrontal, •> 
ectofrontal, ///, and ‘ jirefrontal,’ folds : it is an artificdal division 
of the part, most naturally defined, both in Quadrumana and 
Man, by tlie coronal fissure, 12 , from tlu^ rest of the hemisphere. 




The ^ pMrietal lobe,’ V, Incbides the frontal fold, it, //, the anterior 
;iiid siii)erior parts of the sylvian, r, and snpcrsylvian, r/, folds, 
witli the medial, 1, and lucdilatcral, /;/, tbhls. 

'fhe ^ temporal lobe,’ T, in- ni> 


idinles the i)()sterior part of 
die sylvian fold, the posfsyl- 
^ian, and siibsylvian folds, 
lii>\ 115,/,/, and also part of 
the siiiiersylvian fold, //. 

The ‘ occipital lobe,’ o, is a 
more natural division, incliid- 
inii: all the part of tbe hemi- 
sphere which lies behind the 
lainhdoidal fissure, la. 

1he anterior lobe has three 
surfaces, one applied to the 
calvarial jiart of the frontal 
Ixiiie, another to the orbital 
])late, a third to the falx. 
Mach of these are iin[iressed 
by soeoudnry fissures, which 
1 have called ‘frontal,’ ^or- 
bital,’ and ‘ faleial,’ accord- 
iii^ly. The frontal fissur(‘s 
irmiiily afleet a longitudinal 
(liroetion, hut run behind into 
a transverse one. This is the 
'frontal,’ or ‘ postfrontal,’ fig, 
iUi, li; it is more or less 
extensive and parallel with 
tbe coronal fissure, ih. 12 . 'flic 



n)0.>t ( on S taut of the longitu- suporiorsurfru-eof tUo rii,'lir, lu-migiiln'n'of ilioadnlt 
dinal fissures pretty Ctjually lnunaubraiu, lwo-i.h!ntan:a. 

Ifiseets the frontal surface; it Is the ‘ midfroiital ’ fissure, fig. ll(i, 
the fissure above or iiitcriial to it is the ‘ siiporfrontal,’ iV, 
that beneath or external is tlie ‘ subfrontal,’ fig. 115, if"; beneath 
this again and ii])on the outer and hack part of tlu? frontal lobe 
a deep and ('onstant longitudinal fissun?, usually hifureate, the 
coiofroutal, ib. 14\ 

fh.c fissures on the orbital surface present much analogy to the 
hoiital ones. The posterior one is transverse and usually curved 
'viih tlic convexity forward ; it is the orbital or postorhital, fig. 
1-0, 16 ; the most constant of the longitiidiiial fissures which 
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extend forward from the orbital one, I call ^ miclorbltal,’ lb. ir/; 
that to the inaer t^kle Ls the cntorbital, ig"; that to the outer 

f^idc, the cctorbltal, ig'"; a 
transverse fissure anterior to 
these is the aritorbilal one, 

The ccto- and cnto-rhinal fis- 
sures, 2, 3, distinct posteriorly, 
run into each other where tliey 
form the groove lodging Xh] 
slender ^ crus rhinenccphali ’ of 
the human brain. The cerebral 
folds tints marked out are the 
ontorliinal, c (which is the un- 
der surface of the sultfalcia!, 

fig. 118, t'), the ectorhinal, 
which, in /.//- and 
phala^ UtKjniata^ and most (V/r- 
nlnorn, is conlitmed l)ackwar(l, 
uninterruptedly, into the basi- 
rhinal tract, /) \ external to fl, 
fig. 120, are the postorhital, o, 
midorbital, o\ entorbital, f/', 
ectorbital, anlorbital, 

The postorl)ital tract passes 
Itackward i?ito ^ Reirs Islaral.' 
The eetorhital, o"\ merges into 
the eetofrontal, w", fig. llfi, (4‘ 
which it may be called the nu- 
der surface : attention lias been 
called to the eoincidence of loss 
or defect of speecli with lesion in that fold or locality of the 
])rain.^ The tracts eonneeting some of the folds of which the 
homology with those of lower mammals is determinable, are note<l, 
in anthropotomy, as Sanrieetant gyri’ pUs dc passage,’ ljx-). 

On the faleial surface of the frontal lobe the most constant 
fissures are two that affect a longitudinal course ;• the upper one, 
which seems to be a continuation of the ^marginal ’ fissure, is the 
‘ falc/ial,’ fig. 1 1 8, 15 ; the parallel one lu^low is the suld’alcial,’ 15'. 

The posterior lol)(3 of the hemisphero, marked off by the lainb- 
doidal fissure, i3, has three priuciytal surfaces: one apjtlied to the 
supcroecipital j>late, one apjfiied to the falx, and one resting on 
the tentorium. 

• aiHl i.xxm-'. 
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Oil the occI|)itn,l surface arc several but irregular fissures, 
which, from tlicir jiositiou, may be termed mid-J*supcr-, ent-, aud 
n<?^t-o(X’ii>ital ; they define, more plainly in Qutidnnmrna than 
in Man, the lamlVloidal, fig. 119, ►siiroccipital, y", midocci- 
pital, y'j sul)occi])ital, r/'", and postoccipital, folds. On the 
tontoiial surface tlicy affect a longitudinal wavy course, and are 
eoininoidy three in nundier; of these, the middle one is the 
‘tentorial’ fissure, fig. 120, I8, the inner one the ^ eiitotentt)rial,’ 
ii). Ks', the outer one the ^ ectotentorial,’ is". On the surface 
iK*xt the falx, or septum dividing the 
lu-misplieres, fig. 121, the fissures have a 
nidial ing tendency from the anterior angle / i}\ / 

outward : tin? most (;onstant and important x 

of* th(‘se, in Man, has already received the | \ \l 

n-nne of * posthippocampal,’ being aeon- // 1 

rmiiatlon of that dee]) fissure the corre- rV ^0/ \ 

sp!)m!i!ig fold of which ])artly ])rotrudes / \ 

into the posterior horn of the ventrirle, j ^ f 
as the ‘ hij>i)o(‘ampu8 minor;’ the rest I | 

(•ailed ‘septal’ fissures, reserving the 

term ‘lidcial’ to those on the corre- of 

spoiling snrfaec of the anterior cerebral cr. i.nim. 

I(>l)(.‘, The fissure above the ‘ posthippocampal is the ‘ septal ’ 
fssiire, 10 ; that beneath tlie posthippocampal is the ‘ snbsejital,’ 
the fissure between the se|)tal and entolambdoidal, la', lis- 
siires is the suporseptal, n/; their outer ends arc frequently lost in 
a fissure following more or less extensively or interruptedly the 
posirrior eoiitour of the posterior lobe; this is the postseptal fis- 
sure, i‘/"; it is peculiar to Man, The folds so defined on the sep- 
tal s'lrfaec are: the entolambdoidal, supcrse])tal, sei)tal, .s’, 
p<»stlii|>j>ocamj)al, snbseptal, .v", and postseptal, 

The human brain, in its development, passes through stages in 
S(anc d(^gree like those wlilcli are permanent in and characteristic 
the Quadrumana, in respe<‘t to its cerebral folds and fissures ; 
hut it early manifests its distinctive arehonccphaloiis proportions, 
hg. H>9, Fmtns. About the twentieth week the fissures begin to ap- 
pear n]>on the upper surface of the hemispheres, fig. 11(5, throe 
laonths’ F<ctus. zVfter the M\ipj>ocauipar and ‘ callosal ’ have cleft 
f ‘UMnner surface, and the ‘ ectorhinal ’ and ‘ sylvian ’ the under siir- 
l‘v<‘e, the entolaml)doidal a.scends u})ou the mesial side of the upper 
‘"nrhu^e (fig. HO, la); the postsylvian, 9 , appears; then a faint 
•i’:ice of tlie longitudinal fissure, fig. 1 10, iT, indicative of the 
e.iidfrontal and cctofrontal tracts. Tlie ^coronal,’ fig. IL‘5, 12 , is 


fiiiirr i>r ,'Im nf |'(i«N’i ii)r 

ci’i'i ln lun. 
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speedily followed by the ‘ postsylvian ’ 9. A more or less inler- 
ru})ted fissure dividers lengthwise the sylvian or siipcrsylvian fold, 
ib. //, from the median, /, and mcdihiteral, m, tracts. The lamb- 
doidal fissure, m, extends toward the outer part of the hemisphere : 
the pre-coronal tract of brain is fissured into subdivisions, chielly 
longitudinal ; the fmtal brain, at seven mouths, figs, 1 1 1 16, resem- 

bles, in superficial cerebral marking, that of the hitistcrnal apes, il)., 
Chimpanzee, but is broader anteriorly, deeijcr and longer bebind. 

In the foregoing summary we bavc seen tliat the fissures which 
break the surface of the mammalian brain are of* different kinds, 
degrees, ainl values. Some, in the course of (levelopnieiit aii<l 
elevation of the primary masses, divide one from the other ; as 
the cerebrum from the o[)tic and olfactory lobes, the cerebrum 
from the cerebellum, and this from the macroinyelon. S(aije 
subdivide primary masses into symmetrical halves, as c.g,, tlic 
inter-licmisi)hcral fissure, the inter-olfactory fissiin*, and the shal- 
lower indent between the mammalian oj)tie lobes or ^ nates,’ 
One or two fissures of the eerelnaim make folds that [)rojeet into 
the liemisphcral cavity or ventricle, c, g. the hi])po(tampal and, in 
i\lan,'the posthippoeampal ; most arc confined to its crust or wall, 
and of these, as I shoAvod in 1833, some, from their relative con- 
stancy, depth, and syiimietry, may be termed ‘primary,’ while 
others are of ‘ secondary ’ or inf'erior rank. 

The following arc those which are noted by figures in the lUiis- 
trations of the present Avork ; — 


C£Ri^Hi{AL Fissuio^s, in the order rnuinly of their constancy in the Mammalia. 


ritrarw. 


rif.nircs. 

1. 

Intcrhemisphcral. 

; 9'. Snbsylvian. 

KJ". Entorhital. 

2. 

Ectorliiiml, 

jio. Mcdihiteral. 

10'". Kt’torhitid. 


Basirliimil. 

*11. J.anral. 

10**. Antorhital. 

3. 

Entorhinal. 

■ 12. Coronal. 

; 1 7. Occipital or ATidocclpital. 

4. 

Hippocampal. 

1 d. Lambdoidal. 

il7'. SuiM-roccipiial, 

4'. 

Potjtliippocsniijjal. 

1 'J'. Entolamb'loidal. 

■ 17". Enloccipital, 

6. 

Sylvian. 

il4. Frontal or Pohtfroiital. 

il?'". Kctoccipital. 

f). 

Marginal. 

Supcrfrontal, 

117’'. Postoccipital. 

f/. 

rostmarf'iiial. 

;I4'\ Mid frontal. 

;18. Tentorial. 

6". 

Premarj'inal. 

114"^ Subfrontal. 

*18'.' Entotontorial. 

7. 

Callosal. 

Ectofroiital. 

;i8". Ectotcntorial. 

7'. 

Snpcroallosal. 

15. Falcial. 

19. Soptal. 

8. 

Supersylviaii. 

15'. Siihfalcial. 

!19'. 8upor.scptaI. 

8'. 

Ectosylvian 

i 1 6. ( Irbiial or Postorhitul. 

do". Snbscptal. 

9. 

Postsylvian. 

1 0^ JVlidorbital. 

;19"', PostSfplal. 


The following are the cei'chral folds wliich are indicated by 
letters ui the ilhistrationsof the jircsciit work, witli the synonyms 
of original labourers in this field of anatomy : 
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Each hemisphere is a bag of neiirine folded or laid upon its 
expanding stem, the hollow of the bag being the ventricle. This, 
in the embryo, is capacious and simple, the wall being very thin. 
It becomes thickened in different degrees at different places, most 
so at the upper and outer sides. The wall, thus thickened, pro- 
trudes at certain parts into the cavity, dividing and shaping it 
into parts or recesses which Anthropotomy calls ‘ liorns,’ from their 
curvature in Man. In lower Mammals the primitive cavity com- 
monly retains more of the general shape of the hemisphere, and in 
most Quadrumana, the lower more especially, the part accom- 
panying the broad supracerebellar expansion of the hemisphere is 
of corresponding capacity. The Orang, among Apes, still shows 
tlie primitive character of this part of the ventricle : in the 
Chimpanzee and Gorilla the growing walls reduce and begin 
to shape it as a ^ horn,’ show'ing also a beginning of a protu- 
berance within it. In Archencvphala the moulding of the ^pos- 
terior hoiTi’ is completed by the predominance of the internally 
protruding wall (*partie enroulee,’ Leurct), to which, now, the 
tonn ‘ hip|)ocanipiis minor,’ or ^pes hippocampi minor,’ rightly 
applies.* The fibres of the stem, augmented in number at each 
aecunndation of grey reuniting matter, diverge into and form 
the main part of the w\all in greatest pro 2 )ortion in the Lyen^ 

Ciiiihahi. 

The stem or ^ crus ’ is foimed by the prcpyramidal tracts, fig. G6, 

the olivary tracts/, the terctial and postpyramidal tracts, fig. 
49, Y, and so much of the cerebellar tracts, fig. 66, as may not 
have been expended in the formation of the ^ nates,’ i, * testes,’ w, 

‘ geniculate bodies,’ y, and their common basis. Thus the crus 
or stem of the hemisphere includes tracts of the myelon, connected 
respectively wdth the sensory and motory roots of the nerves. 
The part of the ^ crus proscncephali,’ below or in front of the 
locus niger,’ consists of white fibres in a coarsely fasciculate’ 
arrangement, fig. 123, rf: the part above, derived from the tere- 
tial, postpyramulal, and cerebellar tracts, is softer, with mixed 
grey matter, and forms the ‘ tegmentum,’ ib. c. The fasciculate 
fibres, after jiassing through and being reinforced by the grey 
matter of the striated body, diverge in curves, fig. 66, c, fig. 122, , 9 , 

* The judicious and painstaking anatomist Gratiolet seems to have foreseen some 
late misconceptions of the nature of the hind part of the primitive ventricular cavity 
ill the Quadrumanoua brain, in the following note : — ‘ Toutefois, il nc peut etre 
considero comme un signe d'demtion^ car il cst bcaiicoup plus grand cn ogord a la 
partie enroulee clu ventriculc dans Ics singes, ou sem d/;vcloppcment est Gnomic, que 
dans rhomme, ou la partie enroulee lV.mporte evidemment sur lui. Cette remarque/ 
he justly ailds, ‘ cst cruuc haute importance.* xi/'. vol. ii. p. 75. 
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of wliich many bend downward and outward, suggesting the term 
‘ fibrous ’ or ^ radiated ’ cone ; in Man they are traceable chiefly 
in tlie sylvian, postsylvian, cntosylvian, suj)crsylviari,mcdilateral, 
medial, and margitial folds, and into the major part of those of the 
anterior lobe, fig. 122, a. Tlie tegmental or posterior fibres are, 
in Man, more directly connected with the transversely arched 


122 



niRsprtinn of pcret'nim and ccrcbHIuiu, from tbo ontor sfde. xxxi ii". 


filjrcs of the great commissure: otlicrs, diverging to the posterior 
lobes, c, b, become connected or continuous with the longitudinal 
commissural system of the fornix. Figure 1 23 is a dissection of the 
inner surface of the hemisphere. C is the section of the corpus 
callosum, the fibres of which diverge upon the roof of the ventricle, 
intersecting the radiating fibres, fig. 122, x, and p.assing into all 
the folds, which are thus brought into communication ^vith those 
of the opposite hemisphere. The fibres of the ‘ callosal ’ fold, 
fig. 12.3, o, 0 , are chiefly longitudinal, are continued beliind, into 
those of the hippocampus, and in front into those extending from 
the fornix upon the falcial surface of the anterior lobe : externally 
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tlicy form the superior longitudhial commissure,’ fig. 122,o; and 
fibres are traceable from both extremities to the ^ perforated space,’ 
figs. 82, 120, u\ Tlie dissection, fig. 122, shows also the longitu- 
dinal fibres extending from tlic anterior to the inferior and poste- 
rior lobes, and forming the ^external longitudinal commissure,’ 
above whicli are seen part of the radiating fibres, .v, interlacing with 
those of the corpus callosum, c ; which is overarched by the outer- 
most of the superior longitudinal commissural fibres, o. Above 

I ‘in 



IMy.sc'clUM’. Of llie h’fc of i.hc lirali^ from llio liinrr xxxiiJ". 


these are shown the fibres which mainly form the convolutions, but 
whhih include not only the ^radiating’ fibres, but those of the 

transversely conmiLssural’ and ^longitudinally commissural ’kinds: 
they terminate m or blend with the grey matter which forms the 
outer crust of the hemisphere. In a section of this substance in a 
recent brain, a white line is seen to separate it into two layers, as 
in fig. 124. More closely scrutinised, the following strata have 
been defined from the surface dowmvard : — a thin superficial white 
layer, a thick reddish grey layer, the intermediate white layer, a 
thicker grey layer, a third thin Avhitc layer, and the deepest grey 
layer receiving the radiating fibres of the white or medullary cere- 
bral neuriue.* 

* In the contemporary Reports of my Hunterian Course of Lectures, 1842, the 
chief conclusions of the compavative anatomy of the superficial grey substance in 
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The fintcrior (joinmissure — the most constant of the ti:ans- 
Ycrse system — is relatively largest in Lyencephala^ figs. 69, 
73, c. In the human brain a similar transverse section of it 
shows its insignificant dimensions, fig. 123, a. Traced trans- 
versely, in them, it passes, as in a special canal, across the lower 
])art of the corpora striata, bends backward, and expands as it 
radiates into tlic middle of each hemi- 
s])hcrc. It indicates the small part of 
the human cerebrum wliich is homolo- 
gous with the main part of that of birds 
and marsupials. lint the increase of 
ihe mammalian over the avian brain 
!)e<rcts the added stnictures for asso- 
<*iation of added ])arts, already de- 
scribed. In Man, each anterior-pillar 
of the fornix, after leaving the ‘ tha- 
lamus,’ descends and is bent upon itself 
before ascending, the bond projecting 
at the base of tlie brain, behind the 

, , , ,, , Sfcllon of trrc*y ana while lU'uriJK' of 

Miiiumlibulum, as the ^corpus albi- hroteeuccruaiiccoiivoiutions. ai«u. 
cans,’ or ^mammillaro,’ fig. 128, m. 

In the Lisseneephala^ Avhere a corpus callosum first esta- 
blished, it might seem, in a dissection from below, that the outer 
fibres of the ^ radiating cone ’ curved otcr tlie lateral ventricle, 
and were constricted lengtliwise as they ran into each other 
across the interheinispheral fissure, as in the dissection of the 
lieaver’s brain, fig. 78 ; but it is deceptive. There is no actual 
continuity of any of the a#6ending radiating fibres of the crus 
cerebri with tliose Avhich spread out in transverse curves from the 
corpus callosum. 'J'hc two systems are everywhere closely inter- 
laced; but the fibrous character of the commissural scries is lost, 

# 

mammalian brains was summarised hy the Reporter for the * Medical Times/ as fol- 
lows : — ‘A symmetrical arrangement, iikhc or less regular or complex, can always bo 
traced between the foldings of tlie two hcniis])licres. and the more, regular in propor- 
tion to tlic sinijilieity of the convolutions; the foldings of the cerebral sulisiance 
follow likewise, both in the oiiibryonic development of a complex brain, and in the 
j'rogressive permanent stages presented by the marnin'alian series, a regular determi- 
nate law: some convolutions being more constant than others, and these being trace- 
able thiougli the greatest number of brains, and recognisable even in the human 
Ijrain, where, at first sight, they are obscured by so many accessory convolutions.’ 
* The Lecturer then demonstrated, in a considerable number of jircpared brains of 
dilferent animals, and in a large scries of diagrams, in which the corresponding con- 
volutions in the brains of dilferent animals were marked by the same colours, the 
facts establishing this important generalisation .’ — The Medical Times, 12, 1842, 
vol. vii. p. 101. Report of 13lli Lecture, delivered May ICth, 1342. ,, 
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imder the luicroscope, before it ejuits the ventricular wall to 
desceiKl, with the I'adiating fibres, into the crus. From this 
stage ill the niaminalian scries the great transverse commissure 
grows with the growtli and complexity of tlie hemisphere. It 
consists mainly of white or fibrous nenrine, but some grey matter 
nucleus lenticularis’ jis superadded to the inferior fibres external 
to the radiated cone, and betw^ecn this and the ‘ island of Keil ’ 
there is also a thin layer of grey nenrine (‘ nucleus tieniie- 
formis ’). 

Ahvays maintaining its closest connection with the part of the 
fornix called ‘ lyra,’ or hippocampal commissure, whence its 
development began, the incroasiiig body of transverse fibres 
extends forward and upward, with a bend or* genu,’ lig. 123, C, o, 
corresponding in extent w ith elevation and expansion of the front 
lobes of the cerebrum. ' In Afttn its narrow anterior begiiming is 
connected by the ‘ lamina cinerea ’ wdth the optic commissure, 
receives a small jiart of the grey substance of the thalamus, and 
sends off two bands, called ‘ })eduncles of the corpus callosum,’ 
which, diverging, p^s backward across the ‘perforated space’ to 
the lower part of the sylvian fold. The corpus callosiim, expand- 
ing as it rises, bends backw'ax'd, and jirescnts on its u)))>cr surface 
a medial longitudinal groove, called * ra])hc,’ bounded laterally by 
the wdiite* stria; longitudinalcs: ’ it‘terminates behind in a sliglitly 
down-bent, thickcned,iree border or * pad,’ Some w^ay in advance 
of this the attaohment of the under surface of the corpus calhxsum 
to the fornix begins, and, as the hemispheres increase in the pla- 
cental series, so does the extent of the filmy inner walls of the 
lateral ventricles (* septum lucidum,^'Anthr()., fig. 123, A) betw^cen 
the body of the fornix and the great superadded transverse com- 
missure, the fibres of wliich extend over the roof of those ventricles. 
Tlic most intelligible illustrations of the comparative anatomy of 
this interesting part of the cerebral structure is obtained by dis- 
secting and exposing the lateral ventricle from the outer side, as 
in the views of the brains of llie Opossum, Kangaroo, and Ass, 
showing the relative proportions of tlie hippocampus, and of the 
part of the inner wiill distinct therefrom, called * septum lucidum,’ 
in Lxx', pi. vii. In fig, 5, the vascular fold of pia mater called 

* choroid plexus ’ is shown passing beneath the fore part of the 

* tienia hippocampi ’ through the canal of communication between 
the lateral ventricles, in both marsupial and placental brains. 
The supraventricular ncuriiie, being folded upon its stem, tlie 
cavity is a reflection of the external surface, and is lined by a 
continuation of the pia mater, although the fissure by which it 
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enters the ‘ ventricle ’ becomes contracted to a very small extent 
of the base exterior to the crus. From this ])oint bej^ins the fold 
extending, as choroid i)Icxus,’ from one ventricle to the other by 
the fissure called ‘ foramen IMonroianum ’ in Anlhroj)otoiny. On 
the interior surface of the hemisphere the pia mater is reduced to 
an epithelium, the cells of which are less flat in the lateral Ven- 
tricles than in that continuation therefrom called ^ third ventricle.’ 
The part of the interliemisjjlieral fissure overarched by tlie great 
transverse commissure is the ^ fifth ventricle.’ For otlier dif- 
ferentiated and definite parts in the archeiicephaloiis brain— 
the subjects of the ^bizarre’ nomenclature of Anthropotoiny — 

• refereucc may be made to the minute and exact monographs 
which have l)cen i)ublishod on that part of the human structure. 

§ 209. ^ize of Brain. — The brain grows more rapidly than the 
body, and is larger in jn-oportlon thereto" at birth than at full 
growth, liiit there is a diflerence in this respect in different 
Mammalian orders. The brain of the new-born Marsupial is less 
developed relatively than in higher Mammals, and grows more) 
gradually or equally wdth the subsequent grc^tli of tiie body,* 
So, in the degree in which a species retains the immature character 
of dwarfishuess, the brain is relatiycly larger to the body : it is as 
1 to 25 in the pygmy Petaurist, but is^ as 1 to 800 in the Great 
Kangaroo; it is as 1 to 20 In the Harvest Mouse, but is as 1 to 
.'iOO ill the Capybara; it is as 1 to 60 iiv the little tAvo-toed 
Ant-eater, and is as 1 to 500 in- the Great Aut-eatcr. The 
brain Avciglis 6 grains in the Harvest Mouse {JSIils messorzus)^ 
and the same in the Common Mouse {Mus vuiscuhis); liiit the 
Avcight of the Harvest Mouse is 112 grains, Avhilst that of tl»c 
(^■oimnon Mouse is 327 grains. The brain of a Porpoise, 4 feet 
h)ng, may Avcigh 1 lb. avoird. ; that of a Whale {Balanoptera) 100 
i'cet in lengtli docs not exceed 4 lbs. avoird.^ In Artiodactyles the 
brain of a pygniy Chevrotain ( Tragulus j>yynimis)\& to the body 
as 1 to 80; In the Giraffe'* it is as 1 to 800. In Perissodactyles 
the brain of thc^Iyrax is as 1 to 95, whilst that of the Indian 
Ivhinoceros is as 1 to 764.^ /The brain of the Elephant may be 
three times heavier than that of the Rhinoceros, but a full-grown 
male Avould probably Avcigh doAvn four Rhinoceroses. In Car- 
nivora the brain of the Weasel is to the body as 1 to 90 ; in the 
Grisly Rear it is as 1 to 500 ; in Quadrumana the brain of the 

* Lxxv', p. 347, pi. vii. 9-12. 

* ScoRKsiJY, in ft Bala;na myaticiilua of 65 feet iu length, found the Avcight of the 
brain to be 3 lbs. 12 oz. 

* XCV1I-, 


1 y". 
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Midas Marmoset is to the body as 1 to 20 ; iu the Gorilla it is sis 
1 to 200. 

lJut snch ratios do not show the grade of cerebral organisation 
in tlic Miunmalisin clsxss: that in the Kangaroo is higher thslii 
that in the Bird, though the brain of a Sj)arrow beinnch larger in 
l)roportional size to the body : and the Kangaroo’s brtxin is superior 
in superficial folding and extent of grey cerebral surface to that of 
the l^etaurist. The brain of the Elephant bears a less proportion 
to the body than that of Opossums, Mice, and proboscidian Shrews, 
1 ) 11 1 it is more complex in structure, more convolute in surface, ajid 
with proj>orti(i^ns of pros- to mcs-enceplialon much more nearly 
those iu the human l)i*ain. The like remark applies to all tlie* 
other instances above cited. 

The xveight of the brain, wdtliout its membranes, in a full- 
groxvn male Gorilla is 15 oz. avoird. I estimate that of tlie entire 
body as being nearly 200 lbs. : in the relatively larger brains of 
the small species of Qmdrumana the convolutions arc fewer, or 
may be absent, us in Midas. 

In ]\Ian alone ii' a bulk of body, greater than in any Quadru- 
inana save Gorilla, associated with a large size as well as witli tlie 
highest stage of complexity of the cerebral organ. This is, 
perhaps, the most notable and significant Ihct in Comparatiie 
Anatomy. 

*The w’Oisht of the brain in the adult male averages about 
49 oz. avoirdo and^.raRgC9*^"iKpm about 35 oz. to (>5 oz. In tlie 
adult female ^ the xveight of the brain averages about 43 oz. 
and a half, and ranges from 3Sf to 54 oz. Tlie mean difference 
is thus about five ounces and a quarter, Tlie brain has advanced 
to near its term of size at about ten years, but it does not iijsu- 
ally obtain its full development till between twenty and thirty 
years of age, and undergoes a slight decline in w'eight in advanced 
life.' 

The brain, without dura mater, of an Australian female, of 
5 feet 3 inches high, xvcighed 32 oz. ; tjiat of a Bushwoman, 
5 feet high, is estimated, in at 3()'75 oz. In European 

females the brain has been found as low in size ; but tlie requisite 
observations to determine the range and the average of cerebral 
development have hitherto been made only on Europeans.® The 
weight of the brain of the male Hottentot, 3 lbs. 2 oz. avoird., 
dissected by Wymax,'' encourages the expectation of analogous 

If the capacity of a cranium Iri cubic inches be ascertained, a fair and iHi^tructivo 
inition of the weight of the brain may Ire obtaim d by cstiirmting that of a cubic inch 
of it at ’2r>i)*,57 grains. i.viii ‘ » M.ix", i/', j.vui". 
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results. The human brain Is exceeded in weight by that of tlxe 
Elephant and the Whale^ but is absolutely heavier than in all 
other animals. In the proportionate size of the cerebrum to the 
cerebellum the human brain surpasses that of all Mammalia : it is 
as 8 to 1. 

The brain in some individuals distinguished for intellectual 
power has been found of unusual size, and remarkable for the 
number and dejjth of the cerebral convolutions: the brain of 
Cuvier weighed upwards of 64 oz. The superficies of the 
cerebrum of the matheinatician Gauss was estimated by W agner 
at 341 square inches, while that of an ordinary wage-man was 
291 inches. 

We know not the size of brain in the Mclanlan inventor of the 
" throwing-stick,’ or of that of the deductive observer of tlie pro- 
])ertios of the broken branch bent at the angle of the ^ boomerang.’ 
Such bonefactorKS of their race Avcrc, perhajjs, as su])crior to ordi- 
nary Australians in cerebral development, as the analogous I’arc 
exce[)tious in intellectual power have been found to be among 
Emopeaus.' 

§210. Mcmhranea of the "Bra! n. — The eueci)halon, like tlie 
myelon, is iininediately invested by an areola-vascular tunic 
called “ pia mater: ’ it adheres to and follows all the foldings of 
the suiiacc, is coiitinuod into the ventricles, and there tbrms 
processes called ^ velum interpositum’ and ^choroid plexus.’ It is 
the area on which the vessels undergo the requisite degree of 
diminution for penetrating the ceifebral substance ; and, when Avitli- 
drawn, the proportion of such vessels pulled out of that sul)stance 
gives the flocculent appearance of the inner surface of the mem- 
brane Avhich Antliropotomy calls ‘ tomentum cerebri.’ 

The movements of the brain arc seryiod by a delicate serous 
sac, called the ^ arachnoid.’ The outermo^t^ membrane, called 
‘ dura mater,’ adheres to the inner surface of the cranium, and 
consists of a dense inelastic fibrous tissue. It sends a process 
or (luplicature inwai’d^ betAA'ecn the cerebrum and cerebellum 
called ^tentorium,’ and a second between the cerebral hemi- 
spheres called * falx.’ In the Ornithorhynchus a bony plate 
extends from the cranium into the falx (vol. ii. p, 323, fig. 
204, u). A ridge of bone extends a short way into the ten- 
torium in some marsupials : it is thin in Kangaroos and Pbalangers, 
thick in Thylacines, but of less extent here than in the Wolf, 
(vol. ii, p, 504), In the Cachalot a hquy^plate projects from the 

* Tables of size and weight of Maiumnltan brains will be found in xit, 
xxxii". 

VOL. in. 


L 
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siiperoccjpltal Into the back part of the falx* : the tentorium re- 
ceives a bony plate in many Delphhiu^ In Seals both the tento- 
rium and liiiul part of the falx are ossified, and a thick ridg(3 
enters the lore and under part of the fiilx between the rhineucc- 
phalic fossie. The tentorium is ossified in the Carnivora to the 
extent, and in tljc families, noted in vol. ii., where the conditions 
of such bony {date are discussed at }>. 506.’* A short tentorial 
ridge projects anterior to the e(n*cbcllar fossa of the petrosal in 
Lemur macaco^ Tlio tentorial margin of the petrosal is sliglitly 
produced iu Cehus, and to a greater extent in Ateles. In other 
Quadruniana, as in Man, the sole ossification co-extended wdth any 
part of the dura juater is that called ^ crista gallP in Anthropo- 
tomy. An unossified process from the middle of the posterior 
border of the tentorium, extending from the internal occipital crest, 
projects into the notch between the lieinisphercs of the human 
cerebellum, and is tcrinod ‘ falx minor • and ‘ falx ccrebelli/ 

§ 211. Nerves of Mammals. — The olfactory nevv(*s are absent 
iu all the Cviaeen save tliost? with baleen, in which (hey are few 
and small; they arc present in all other Mammals, and are sent of! 
in greater number from their cerebral centre — the rhinencei>lialou 
— than in lower Vertebrate classes.’ The Orniflwrltt/uchus is the 

' xiir. p. 442. . * 11 k No. 2500, p. 453. 

" A more extensive series of comparisons of the interior of* tlic skull has tciuled to 
rectify the physiological view entertained at the period of the publication of the 
posthumous editioti of the ‘ Lemons d’Anatoinic Comparee/ of Cuvier, vol. ii. p. 200 ; 
vol. iii. p. 155. " * XLiv. p. 722. 

* Anthropotomists still describe the connections and course of the * crura rhiium- 
ccpluili* as the origins of the olfactory nerve ; although they recognise that, ‘ unlike 
other nerves, a large proportion of grey matter is mixed with the while fibres,’ &c. 
(lxii" vol. ii. p. 583, 1860), and might rectify the notion by many weightier 
anatomical conditions. »Soinc even maintain the view by such remarks as the 
following: ‘As it is known that in the lirst development of the ear the peripbcral 
part or vestihiilur expanse, as well as the rest of the acoustic nerve, is originally 
formed by the extensiort of a^ollow vesicle from the first or hindmost fietal encephalic 
compartment, so in the case of the crus ccrehri, although tli^'peri}d»eral or distributed 
part (crus rhinencephali orolfact-wy nerve) is of separate origin from the hemispheric 
bulb, this latter part is comparable in its origin with the acoustic vesicle/ I have 
paraphrased the argument of the editors of lXu" (vol. ii. p. 584), to show that 
development, as a vesicle in connection with nervous centres, is no ground of homology 
or hoinotypy. Whenever a false homology ha.s to he maintained, the earliest and 
obscurest phenomena of euihryonal development arc usually resorted to in 8uj)po) t of 
such view. 

The tenninal expansion of the acoustic nerve is in an organ which he{S:it)s as ‘a 
follicle or hollow vesicle;’ the terjiiinal expansion of the optic nerve is also in a 
vesicle; and the true olfactory nerves e.xpand terminally on what begun as a fulliclo or 
vesicle, which form is retained, little altered, in Fislies. ITio vascular pituitary 
mhinbrane supporting that expansion is the honiotypc of the choroid supporting the 
retina. No doubt the cerebellum is at first a vesicle, as is the optic loi>e, and the 
hemisphere, and the olfactory lobe; and each may claim to bo regarded as the 
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giolc known instance of tlie olfiictory nerve quitting the skull by 
a single foramen, as in liinls and Lizards (z. e, one from each rliiii- 
enccphalon). In the Echidna the contrast in the vast number 
of nerves and the coiujornilant extent of the ^ crilniform plate ’ is 
extraordinary. Those from the grey tract proceed to ^Jacob- 
son’s organ.’ The number of olfactory nerves and extent of the 
])ituitary surface on which they sjircad is very great in Marsupials. 
In the Tmecthwra the Hedgehog is most remarkable in this resjjecl. 
Ib)th Herbivorous and Carnivorous Gyrmc.ejdiala have numerous 
olfactory nerves : some of the Phocidoi show this character in 
excess. The number of the olfactory nerves decreases, with the 
diinniishcd size of the rhin encephalon, in Qiindnunana , up to Man, 
where they seldom exceed twenty in number, and are least in 
proportion to the size of the body. They become flattened and 
expanded where they spread upon the vascular pituitary mem- 
brane. 

Tlic optic nerves arc smallest in the Moles ( Tnlprt)^ largest in tlic 
Giraffe. They arise from the bigeminal bodies, chiefly from the 
nates and oi)tic thalami, in Lyenccpluda and in some Lissence- 
phahiy to which origin are superadded in other Liasencephala and 
in and Andunicfphala^ fibres from the corpora geniculata, 

along the tract marked fig. 08. In the groups in which the eyes 
arc relatively largest, ihu/ulata and Rodentuiy t\ y., the larger 
]>roportlonal size of the hoinologuc of the optic lohes, fig. 08, is 
significant of its imjiortaut relationship with the Origin of the nerves 
of vision : the ‘ thalami’ do not show the like increase ; their larger 
size in Qaadrnmana and Bunana relates more to their fuiuttion as 
recruiting ganglia of the prosencephalon. The oi)tic nerves, never- 
theless, seem to be derived more 
wliolly from the ^ thalami ’ in 
Man than in most lower Mam- 
mals, whence the AnthrojKito- 
nijcal name of those parts. This 
cliaracter is shown in the fmtal 
brain at the fourth month, fig. 

125, where c shows the optic 
tract quitting the thalamus, ei 

the optic lobe, has not yet OijiriuoCDi.tU; nervcst. l^ptal liraiu at four luontlis, 

undergone its subdivision into 

‘ nates and testes.’ The liberated nerves bend down\vard and 

Jumiotype of tho on the ground taken, in for viewing the olfactory 

hulba as nerves, anil not as encephalic lobes. The grand old anatomists had truer 
views of these * processes of the brain,’ as on some other points, than their successors 
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forward, converging and meeting beneath the brain at tbeir con- 
fluence, called ' chiasina opticum/ h. The fasciculi of primitive 
fibres are here arranged as shown in fig. 
126. The outer ones, A, pass onward to 
form the outer side of the nerve a, the middle 
fasciculi cross the chiasina obliquely, and, 
after decussating the corresponding fasciculi 
of tlie other tract, contribute to the formation 
of the opposite nerve : the inner fasciculi 
curve across the back part of the chiasina, 

(»ptic cliJaffiua ; Mail. ccJf. - . .1 i* 

and arc continuous with the correspoudiiipf 
fasciculi of the opposite tract, being strictly ‘ couunissural : ’ a 
similar arrangement prevails nitli a few fasciculi at the fore part 
of the chiasina. The hinder commissure is more common, and 
appears as a little ticnial border of tlio chiasina, in some Mammals, 
down to the rodents. Pathology gives cvidcucc of a partial 




Alnij.hlcd rlslit iiptlc wrrw and lnu;t ; llunutu. 


from its inner surface : in some, 
gitudinal septa from the circuinfei 
in most formin <4 lonjritinliihal cami 

o 


declls^sation, in some instances, 
as in the preparation, fig. 127 ; 
in which the right opti(? nerve, 
r/, was atrophied ; the left f>nc, 
h, healthy ; with a partially 
wasted loft optic tract, while 
the right, ^/, retained more of 
its normal size.* 

The JMamniali an chiasina 
ceases to show the laminated 
aiTangement (vol. ii. p, 122, 
fig. 47) common in Birds and 
.llcptilos. The nerve, beyond 
the chiasina, has a strong neu- 
rilemma, which sends procesvses 
c. g. Cetacea:, converging as hm- 
’(mcc to the centre of the nerve ; 
Is for the ncurine, and giving it 


the character of a cylindrical aggregate of tubes. This is enclosed 


in a sheath of dura mater, extending to the sclerotic, into which 
it is partly continued, where the nerve pierces that coat of the 
eye-ball. Another [leculiarity is seen in the small artery running 
gtlong the centre of the nerve, and ramifying upon its terminal 
expansion as the * arteria centralis retime.’ 


* There have been cases, however, where the tract of the same side us the atrophied 
nerve showed more wasting than thflt of the opposite side. 



NERVES OS’ MAMMALIA. 


149 


111 some Marsupials the optic nerve grooves the orbito-sphciioid, 
escaping by a cleft continuous with the fissura lacera anterior' : 
in higher Mammals the nerve escapes by a special ‘foramen 
ojit icuni.’ The cxtra-cranial parts of the nerves are remarkably 
long in Whales,® and in all Celticva they diverge from the chiasma 

l‘>S 



lirttfc o£ liujjiHii brnin, wIMi origins oi nerves; half natural size. 


at a wide angle, fig. 60, 2 , 2 . This becomes less open as the 
Mammals rise to Man, fig. 128, h. 

The oculo-raotor or ‘ third ’ nerve, fig. 60, a ; fig. 128, c, and 

' Xt,iv. p,5. 32.1, 329. » X3IV. p. .187. 
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the ^ fourth/ fig. 128, </, have the same origin, distribution, and 
cronnections witli the sympathetic, as in Man. The branch of tlui 
‘ third ’ nerve, which runs along the lower part of the eye-ball, 
between the ^inferior’ and ‘ externar rectus muscles, and suj)plie.s 
the ^oblitjuus inferior/ is connected, usually by a short thierk 
cord, with a ‘ lenticular ganglion ; ’ but this is not so Avell defined 
ill some Mammals, and the ciliary nerves are usually fewer than 
in Man. The ^ fourth ’ nerve supplies the ^ obliquus superior ’ 
muscle. In the Sheep this nerve receives some branches from the 
ophthalmic division of the ‘fifth’ nerve. Besides the ‘ rectus ex- 
tenuis/ the sixth nerve, fig. 128,^’ in most Mammals, supplies 
an additional muscle, the ‘ retractor oculi.’ The ‘ fifth ’ or ‘ tri- 
geminal’ nerve, fig. 128, e, e\ is commonly the largest of tlie 
cerebral nerves, and resembles tbc iny clonal nerves, fig. 136, in 
having a ganglionic, fig. 230, 9, JO, and a non-gangllonic, ib. n, 
]K)rtion, the latter being ‘ motory/ sujijdying muscles, the former 
distributed to vsensilive and secerning surfaces. This distinc- 
tion is better marked in Mammals than in Birds and Bcptilos : 
like Avhich, however, the ganglion is single, not divided, as 
in most Fishes (vol. i. figs. 2()i, 202). The si'/e of the ‘fifth’ 
nerve relates to the perfection or sensitiveness and a])plieation 
of those surfaces, not to the projiortioii of the facial to the cranial 
])art of tlie head. Tlius we find the fifth or trigeminal nerve of 
largest relative size in the Onuthorh/nvhm paradoxus, Avhich 
uses, like the duck, its beak as a tactile instrument in the detec- 
tion of its food. Emerging from the ganglion, fig. ol, r/, anterim* 
to the pons, ib. c, it soon divides into tliree branches, the first 
and scMiond apjH*aring as one. The first and smallest division 
divides into two equal branches: tbc superior or ethmoidal branch 
enters the nose, comliines, in part, with the olfactory, fbr tlu^ 
service of the ])ituitary incmbranc; but mainly emerges from the 
nasal cavity, giqiplies the skin at the iqqier part of the face, and, 
by a }>ranch continued from between the nasal and premaxillary 
bones, is distributed to tile nostrils and contiguous integument. 
The second division of the fifth is two lines broad and one line 
and a half thick : after emerging by the foramen rotundum, the 
chief part of it passes through the ant-orbital canal, and divides 
into two branches, distributed, tlie one to the nasal of upper 
parietes of the face, the other to the lateral or labial integuments. 
Tlie palatine branch divides into a posterior smaller nerve, which 
passes through the fiosterior palatine foramen : the anterior and 
larger branch emerges from the anterior palatine canal, and supplies 
Jacobson’s organ at the floor of the nose and the palatine membrane. 
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The third division of the fifth is broader but thiuncr than the 
second ; it leaves the cranliiin by the foramen ovale, and is distri- 
buted as usual, mainly to the sensitive labial integument of the 
lower jaAV, fig, 3, a: its non-ganglionic part goes to the mandu- 
catory muscles. 

In the Echidna the trigeminal is of smaller size, and its first 
and .sc(!ond divisions are mmrh less in proportion to the third, 
which supplies, from its gfinglionie part, the sensitive and secreting 
surface of* tlio long tongue. This size of the lingual branch of 
the t)*igeniinal is still more marked in the Pangolins ami Ant- 
eaters, especially in Mj/rmccophaga juhata, A distinct gustatory 
nerve, conmuinieating with a motory ^ facial ’ nerve hy a ^ chorda 
tympainV is a mammalian characteristic of the trigeminal. In the 
lle(lg(*hog the nasal branch is the largest of the first division: 

dismissing a few ciliary nerves it quits the orbit and enters 
its special canal at the fore part of the large cribriform plate, and 
divides on entering the nasal cavity into the external and se])tal 
branches, the latter l)oing the largest, and richly sjn’cad u))on the 
])ituitary inembrano of the septum and inferior turbinal. The 


129 



bulbs of the vlbriss;e in the Hedgehog and other Inscctivora use a 
large proportion of the fa<dal branches of the maxillary and man- 
dihular divisions of the fifth. In Rodents the dental branches of 
these divisions are large, and especially the nerves sent thereiroin 
to the active and persistent pulps of the scalpriform incisors; and 
they show, especially in the mandible, a recurrent course, as I 
f^mnd in the dissection of the Poreui»ine, fig. 129, The nasal 
Jnul labial nerves are large in Moles and Shrew^s, especially the 
long-snouted kind {Bhyuchoci/on), But the chief peculiarity of 


xx. vt>l. I. p. 103, prep. no. 3.5 7 n. 
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the trigominal in Talpid(e Is the share which the ophthalmic divi- 
sion of’ tlie * fifth ’ takes in tlie function of tlie reduced eye-ball, as 
a Warner of light. In fig. L‘30, a is the trige- 
minal, b the ganglionic part, c the third or 
mandil)iilar division, /’the second or maxillary 
division, d the first or ophthalinic division, of 
which the branch going to the eye, c, is large, 
while that going to the nose, y, is small, 
reversing the proi)ortions in the Hedgehog. 
In many Lissenerphata the part to which the 
root of the trigeminal can l»e tracHnl makes a 
’small prominence on eacli side the fore end of 
the ‘ calamus s(*riptoniis.’ In the Elepliant 
the supcrorbital and superficial nasal braiurhcs 
of* the ^ first ’ division, but more especially the 
‘ facial ’ branch of the ‘ second ’ division, which 
emerges from the anlorbital foramen, present 
a large size in relation to the proboscis. The 
size of that foramen is not, however, always 
indicative of that of the nerv(i. In many 
liodrntia a ])art of the rnasseter traverses, 
with tlie antorhital nerve, the foramen in 
question, which is, then, enormous, as in 
figs. 234, 238, 241, v (vol. ii. \u 377). The dentary l)raneh of the 
maxillary exceeds that of the mandihiilar division of the fifth in 
the Elejdiant, to meet the demands of the persistent matrix of the 
tusk. But this difference in the size of the nei ves supplying the 
upper and lower jaws is maximised in the HtdfPnidm^ in relation to 
the active and extensive growth of baleen in the iijiper jaw, and the 
absence of teeth or tlielr substitutes in the lower jaw. The ])ahitinc 
nerves siijiplying the baleen-pulps are as thick as the finger in 
Balmta myntladns. In the Porpoise ( Pkovccnu^ an orbital branch 
joins a plexus near tlie fore part of the orifice of the eye-lids, sent off 
from the ‘ seventh ’ or facial nerve, frou) which union branches [lass 
to the muscles and immibranc of the blow-liole. Tlie maxillary 
branch sends off a ‘ subcutaneus malic,’ wliicli combines witli tlie 
facial nerves to sup]»1y the inferior palpebral muscle, and spread 
upon the himl part of tlie palpebral opening. There arc five or 
six antorbital brancjlies which run forward between the maxillary 
periosteum and the superlncinnlient muscular and tegumentary 
layer, emerging to sjiread upon the latt(3r where it forms tlie 
upper lip or margin of the mouth, and also sending a recurrent 
brancli to the blow-liolc. A- large branch of the maxillary passes 
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through tlic foramen near the upper opening of the nasal passage, 
and ramifies upon the plicated membranes of the blow-hole. The 
dental nerves arc large from both maxillary and mandibular 
divisions of the fifth: the gustatory branch is, relatively, small; 
and sends off a filamentary ‘ chorda tyTni)ani,’ which may be traced 
to the trunk of tlie facial, and is connected, in its course, with the 
carotid plexus of the sympathetic. 

In liuminantia the first division of the ^ fifth ’ subdivides into 
fixmtal and nasal : the hitter supplies tlie upper part of the 
septum and the siijxnnor turhinal, and sends a few brandies to 
tlie fore part of tlic nose, which mpet these filaments reflected 
from the second division of the fifth. The branches to the 
huM-ymal and harderian glands, to the eyelids, and tlic larger 
one whidi passes out of the orbit to the integuments of the 
temple, and which chiefly supplies the horu-corc, or the growing 
aiitlei*, may be traced bac.k distinctly to the Gasserian ganglion. 
The second division of the fifth, escajiing liy the foramen ro- 
Imidmn, sends antorliital branches to supidy the upper lij), the 
nostril, and the pituitary membrane at the lower part of the 
nose. It also sends oft* the lateral nasal, receiving the ^ vidian ’ 
nerve, and siip])I} ing the inferior turhinal : lastly, the ^ jialatiiie ’ 
and upj)er dental nerves. The ganglionic [lart of the third 
division gives off the ‘ buccal nerve,’ connected witli an ^ otic 
ganglion,’ siijiplying the superficial muscles and skin behind tlie 
angle of the mouth, and communitrating with hranches of llie 
‘seventh’ or facial nerve; the large branch dividing into the 
inferior dental and gustatory nerves, the latter receiving tlie 
S:horda tympani:’ lastly, the external aiirieular, passing behind 
the mandibular ramus, joining the middle branch of the ‘ seventli,’ 
and su})p1ying the muscles of the ear, but mainly distributed to 
its sensitive surface.' The non-ganglionic part of the filth 
sii[)plies the tcmjioral, masseter, and j)terygoid muscles, also the 
mylohyoid and anterior part of the occipito-liyoid or digastric : 
the |>art going to the otic ganglion is continued tlierefrom to tlic 
internal pterygoul and io the muscles of the soft palate. A 
ganglion called ^ submaxillavy ’ and situated near the dcejicr jnirt 
of the gland so named, is connected by filaments with tlie gusta- 
tory nerve. 

In Swan’s dissection of the cerebral nerves of the jaguar lie 
found the superior nasal sending a branch to join the one from 
the lenticular ganglion to form ciliary nerves, and then pass 
forward to send one bi*aiich into the nose and another to the skin 
* See (lisseclion of the trigeminal of in uv, jih xxxii. fig. 3. 



154 


ANAT(3My OF VERTEBRATES. 


at tlio inner iinp:lo of tlie eye. The naso-palatinc received the 
vidian ner^•c, and the ^ sj)hcno-j)ahitine ’ ganglionic enlargement \va« 
eonspieuons at the junction.* The largest portion of the maxillo- 
dental nerve sii]){)lied the great canine tooth. The gustatory nerve 
gave a braiudi to the lining membrane of the month and passed 
forward dividing into ])ranchcs which communicated with the 
‘ ninth’ in their course to the surface of the tongue. 

Such Quadnnnana as have been dissected with this view show 
all the main characters, connections, and accessory ganglions, of 
the fifth, which are so fully described in late works on the anatomy 
of Man. The apparent ongin or place of emergence of the fifth 
nerve is at the middle ^criis’ of the eerebelluin, fig. 128, c, 
Ihc smaller, or non-ganglionic root c', being sometimes divided 
by a tew of the cianmissural or ^crural’ fil)res from the larger 


])ortion c. This, fig. l.'U, lo, contracts as it goes into the sub- 
stance o lh<* inatn-ojnyelon, and may be traced to behind the oli- 
j.ji vary body, ib. 3, where it is continn- 



-\racrojii.vclon nnd origin nf iiu: ilfili jicrvo, 
jVIaii ; I'iut ural size*, t'cv 1 1 1. 


receives the endowment of 


oils w'ith the toretial and restifonn 
columns, and apparently with tlie 
grey matter, fig. 57, The motor 
root, fig. 1.S1, ii', passes into tlie 
macroinyelon anterior to the sensory 
root, and seems to go, in part at 
least, to the jire pyramidal tract; Imt 
.Stilling traces it to grey matter at 
the floor of the fi.nrth ventricle. 
The recession of the m)n-gMn"l ionic 

O CO 

from tlie ganglionic roots as tlicy 
sink into the macromyelonal sub- 
stance is more patent in some Fishes 
(vol, i, p. 302). 

Hunter’s dissection of tlie luiman 
trigeminal (xcLiv. p. 181), in 1754), 
in which he discovered, independently 
of Cotumiius, the nasopalatine branch , 
led him to cnuiujiatc the important 
principle that nerves from distinct 
origins, siijiplying a particular organ, 
give it distinct faculties. The nose 
smell from its peculiar nerve — the 


* Liv. pi. xxxi. fig. 3, r,. Sw an nlso ^hows it in the cjilf, pi, xxxvi. fig. 3, ii* 
Ai>:ock found the spheiio-pulatine gunglion in a rabbit, dog and horse, its well iis in 
ilic cat and cow. ccviii. p. 2SG. 
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olfactory : ^ the other nerves of this part, dorivefi from other 
origins, only conveying coniinoii sensation,’ ‘ It is upon this 
prinoijde the fifth pair of nerves may he supposed to supply 
the eye and nose in common with other parts, and upon the same 
jniiKiiplii it is more than probable, that every nerve so affected as 
to communi(jatc sensation, in whatever part of the nerve the im- 
pression is made, always gives the same sensation as if affcele<l 
at the common seat of sensation of that particular nerve,’ ib. 
]). 190.* 

The nerve wbicdi is homologous with the ^ ramus oporciilaris 
sen facialis,’ and some other branches of the non-gangl ionic part 
of the * fifth,’ in Fishes (vol. i. p. 3011), is more distinct in its 
origin, at least its apparent one, in Mammals, and is reckoned in 
Anthropotomy as a separate cerebral nerve, under the name of 
‘ facial,’ or as a part, ^ purtio dura,’ of the ‘ seventh pair,’ with 
wliicb it has less real relation or connection than with the fifth. 
Il is essentially the com|)Iementary proportion of the motory or 
mni-gangiionic part of that great inyelonal nerve of the head. 
In fig. 131 is shown the j>oint, behind the olivary tract, where 
the I’acial, !«, diverges from the smaller portion of the motor 
division accompanying the sensory division of the trigeminal: 
its angle of divergence is wide, and its place of emergence is 
hcldial the ‘ i>ons,’ close to that of the acoustic nerve, fig. 128, //. 
It enters, thcj’ewlth, the internal auditory foramcm, leaves the 
acoustic to enter its (ovn canal iti the petrosal, called ‘ aqueduct 
of Fallopius’ in Anthropotoinw passes downward behind the 
tympanic bone (as in IJirds), and emerges by a foramen called 
‘ stylo-mastoid.’ The facial nerve supplies the muscles of the 
mouth, nose, eyelids, ear-conchs, and the cutaneous miischss of 
the liead and beginning of the neck. In the Forpoise, the facial 
nerve, on quitting the jietrosal, gives small branches to the 
entaneous muscular layer of the car-opcning and parts behind, 
communicating with filaments of the cervical nerves: a branch 
ramifies on the mylohyoid imisele. From the trunk of the facial 
n slender nerve passes to above the inaiulibular joint, then bends 
fi)i*ward, enters into, and receives a filaineut from, a sympathetic 
plexus, and quits it to join the third division of the fifth: this 
answers to the ^ chorda tympaui.’ The trunk of the facial is, 

* One of the observations and experiments on which Hunter founded this conelii- 
sloii, is given, in Latin, by Sir C. Bell, in his original Essay, lxiv", p. 11 (1811). So, 

Sir Charles writes: * 'riio key to the natural system of the nerves will he found 

in the simple proposition, that each hlatnent or tract of nervous matter has itvS pecu- 
I'ar endowments independently of the others which are bound up along with it, and 
that it continues to have the same eudo\Ymciit throughout its whole length.* lxv", p. 70. 
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then, continue<l forward, superficially, along the slender jugal 
bone, toward the eye-opening, su[)plies the ‘ angularis oculi pos- 
ticus/ find the muscles of the under eyelid: in advance of this it 
sui)plies the ^ angularis oculi externiis,’ and forms a large plexus, in 
connection with branches of the trigeniinal. From the plexus pass 
filaments to tlie muscles of the blow-hole and its plicated sacs. 

In Mammals with a Avell developed parotid the facial traverses 
that gland; it divides there into three principal branches in the 
Calf* and Dog;® whilst in the Hog, the trunk is continued 
forward to near the fore part of the masseter, before dividing into 
maxillary and mandibular portions, and the auriculo-]»al[)ebral 
branches come off more separately from the long trunk. In 
Quadrttmana^ as in Man, the chief branching of the trunk takes 
place at the hind margin of the masseter after the post-auricular 
nerve is sent oft*: from the upper of the main divisions pass the 
nerves to the tein[de and eyelids as well as to the nose and up|)er 
lip. A slight enhirgenumt of the facial near its entry into the 
^fallopian aqueduct’ — its petrosal canal — is called ^geniculate 
ganglion,’ whicli receives a petrosal l)ranch of tlie vidian nerve, 
and one fmm the superficial petrosal which unites the otic gan- 
glion with the tympanic^ nerve. Prior to the ganglion the facial 
is connected by one or two filaments wdth the acoustic nerve : be- 
yond the ganglion it receiv es a petrosal filament of the sympathetic. 
The ‘ chorda tympani,’ fig. 251), c, leaves the trunk of the facial 
before it quits its canal, enters the tympanum, crossing the tym- 
panic bone and the ear-drum, b^^hind the handle of the malleus, /v, 
to emerge by an aperture at the inner end of the ^ glaserian 
fissure:’ then passing downward and forw^ard it joins the gusta- 
tory. In the Horse and Calf I traced, in 1830,** the sui)crficial 
petrosal branch, or backward continuation of the vidian nerve, 
fig. 132, A, into the seventh, penetrating its sheath, but remaining 
distinct, and separating into many filaments, ib. with which 
filaments of the seventh nerve, ib. A, A,/, are blended, and a 
ganglion formed, ib. //, by the superadditioii of grey matter; the 
chorda tympani, ib. m, is here continued partly from this ganglion, 
partly from the seventh or portio dura, ib. h. I did not at that 
time distinguish the fasciculus. A, called ^ portio intermedia ’ of 
the fticial from the main trunk, a. The chief point, however, as 
to the ^chorda tympani’ not being a branch of that main trunk 

> hiv, pi. XXX. fig. 3. 2 Ib. fig. 2. 

» In reference to the expression of Hunicr, relative to the chorda tympani, ‘ I am 
alhjost certain it is not a brancli of the seventh pair of ncrvc.s, but the lust described 
branch from the fifth pair.’ xuiv. (1837) p. 11)4, and ‘ Note a,* 
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(,f tlic facial, receives corroboration from the special researches of 
Alorganti * into this intricate and difficult part of neurotomy. 

In the subjoined diagram of the 1-2 

result of his dissections, fig. 132, the a h c 

portio intermedia, ft, is separated from jl || |l||| 

the vestibular division of the acoustic | I ‘;i|| 

r, and from the main trunk of the !| ^ jl 

facial (/, with both of which it lies in jj / 

close contact. The filament d connects r ^ 

h with c, and receives one from the jj; 

latter. Two filaments e connect the ' i| 

‘ intermediate’ with the main portion ij S 

of the facial, a. The intermodiate l/x I ” 

]K)rtion is resolved into filaments, ft, i!’ [i 

before joining the ganglion, the li 

nntiire of tiic ^ grey or ash-coloured 

t issue ’ of which Ims been cstabbshed^ 

by the microv^coi)ic demonstration of tynuMni.’ i.xxu-, 

tlie ‘ ganglion-corpuscles’ (lxvi", p. 541)). With this ganglion 

arc connected the snjanTKual [)etrosal branch of the vidian, //, from 

the splieno-[)alatine ganglion, and the smaller laa 

nerve, /, from the ‘ otic ganglion :’ filaments ft, 

/, from the facial , a, and the chorda tyin[)ani, m. 

Morganti, liowover, tracjes a filament n to that 
nerve directly from the facial. 

In the Sheep, fig. 133, the ‘ portio iiitev- 'ff 
media ’ ft, is more (doscly connected, by d, with 
lh(i a(*oustic nerve, c ; and sends a shorter and launions of tho nionia 
thi(’ker division to the ‘geniculate’ ganglion to tuo ‘s.vn»ih- mivo 

, I SlU'i;p, IM.-IKIlUloa 

//, by winch it IS more (urcctly continued into iMftors. Lxvi". 
the ‘ vidian’ branch c; the ‘ chorda tympani,’/, being continued 
mainly from the ganglion, but also, in a smaller degree from the 
lacial, a, Tlio branch from the ‘ portio intermedia,’ ft, 1 described 
as the ‘ vidian’ crossing the ‘ portio dura,’ a. 

The acoustic nerve, fig. 131, 15, rises from the floor of the 
fourth ventricle, chielly in connection with grey matter consti- 
tuting the ‘acoustic niudciis.’ The nerve consists of an anterior 
and posterior portion the course of wliich is more oblique in i\Ian 
than in most Mammals owing to the great thickness of the ccre- 
licllai* crus, ib. 7. In the Cat the posterior root is very large, is 
a thickened band of fibre from the lusiform cells of the jiostcrior 
l>ortiun of the nucleus ; the band passes along the floor of the 


to thil ‘si.'VfHih* nor VO 
Slu'i-p, twixli.-i 

iMftors. Lxvi". 
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fourth ventru'le, joining fasciculi from the cerebellar crus and 
those of the anterior root. This ^consists of two portions, of 
which the chief penetrates the medulla beneath the rcstil’orin 
body and enters both parts of the acoustic nucleus: the other 
portion runs backward along the ujiper border of the rcstiform 
body, which it accompanies over the superior peduncle to the 
inferior vermiform process of the corcd)clluni.’^ The ^flocculus,’ 
fig. 64, '//, with which the acoustic nucleus is connected, is large 
in tlic (^it, the Aye-aye, the timid Rodents, and all the small 
IMamnials with acute hearing; it is relatively small in the Sheep 
and most Ungulates. 

The acoustic nerve Cjuits Its origin in contact with the facial, 
fig, 128,//, a small artery to the labyrinth runs between them: 
it takes a short course to the ^meatus internus/ longer in Cvtarva. 
than In other Mammals, rccoivos a filament or two from the 
intermediate part of the fiicial, figs. 132, 133, //, on entering the 
meatus, and tlien divides. The part penetrating the fore half of 
(lie eriliriform plate supplies the cochlea ; its largo size is a mam- 
malian characteristic, and is most remarkable in the Cftacca : the 
posterior division, answering to the main part of tlic acoustic in 
lower Vertebrates, is spent upon the vestilnilc and semicircular 
canals. 

The eighth cerebral nerve, in antliropotomieal enumeration, 
includes the throe nerves called \gloss(Kpharyngeal,’ ‘vagal,’ 
fig, 128, A, and ‘s])liial accessory,’ ib. /. The roots of the glosso- 
pharyngeal are traceable to a nncleiis of grey matter at y/, fig, o7. 
The vagal nuclei, ib. A, are forAvard (in Man Ujiward) extensions 
of the grey or vesicular myelonal columns from which the sjiinal 
accessory vises : they lie on each side of’ the Iiypoglossal nuclei, 
il). < 7 , on the floor of tlie fourth ventricle, but are united by the 
commissure forming the roof of the C(*ntral canal before this opens 
into the ventricle : higlicr up the vagal roots [lenetrate the 
‘cajnit cornu,’ like the posterior or dorsal myelonal roots. There 
is a partial decussation at the raphe. 

Both glosso-pharyngeal and vagal nerves emerge at the angle 
between the olivary and rcstiform tracts of the maeroinyclon, 
A, A, fig. 57, and arc soon joined by the aggregate of tlic roots of 
the ‘ spinal acc^essory :’ these, commencing at about the fifth cer- 
vical, advance, lietwecn the dorsal roots of the cervical nerves 
and the ligamentiun denticulatmn, gathering successive slender 
accessions, all of Avhich, originating as above defined, emerge at 
the dorsal border of the restifonn tract. 

The glosso-jiharyngeal is’ relatively smaller in Mammals than 

» x\!\ 



NERVES OE MAMMALIA. 


159 


in Birds (vol. ii. p. 124), is mainly distributed to the back part 
of the tongue and to the pharynx in all Mammals ; passing thence 
to the ‘ flo(!Culus ’ in its way to the jugular foramen, it retains its 
proper fibrous sheath, and usually presents the two enlargements 
called ‘ jugular^ and ‘ petrous ’ ganglions, before emerging from 
ilic skull- From the petrous ganglion a filament enters the 
tyjnpamini, where it joins a plexus frtun the sympathetic, and 
su[)plics the membrane continued into the custachian tube. The 
j)haryngeal branches arc joined by filaments from the vagus and 
sympathetic to form the ]>haryngeal i)lexus. Filaments are sent 
to the tonsils and fore part cd* the (Epiglottis ; those to the tongue 
supi)ly the muscles at its base and the mucous membrane cH)vering 
ilio l)ase and sides of the tongue, some lilaments terminating in 
the fossiilate papilliC. 

Jj) the Porpoise the glosso-j)luiryngeal divides at its exit from 
tlu‘^ skull into a smaller and larger l)ranch. The former is dis- 
tributed to the sphincter of the lower or palatal [)ai*t of the nasal 
ennal, and unites tliere in a plexiform way with a braneh of the 
vagus. The larger tlivision sup])Iies the palate and base of the 
tongue?, and the innseles between the pyramidal larynx and the 
hyoid. Some filaments jkiss 
to tli(? anterior ganglion of the 

o o 

sympathetic. 

The glosso-] Jiaryngoal is fi- 
gured, in Liv. })1. xxxi. fig. 2, 
iJ.aud pi. xxxii. fig. 3, ati ( 
showing its coinmnnicalions 
with tlio ^ vagus ’ and syin])a- 
theti(‘ ; also il). ib. fig. 3, la 
{Felts) showing connections 
with the gustatory branch of 
tlic trigeminal. In fig. 134, 
from the human subject, the 
(Miicrgencc of the glosso-pha- 
ry ngeal, 4, from the tH)st-pyra- 
midal, c, and post-myelonal, //, 
tracts is shown at 2 : the |)etro- 
ganglion and connecting 
lllaineiits with thatof thenpper 
vagal ganglion at 8 and lo : 

is the auricular branch of the vagus, 9 the "ramus anastomo- 
tieus’ of Jacx»bson, la the trunk of the glosso-phary ngeal. 

I he vagus, fig. 134, a, or "pneumogastric’ from the important 
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organs — the lungs and stomach — which it supplies, sends branches 
also to the larynx, trachea, and heart. As in other Vertebrates, 
it has the longest course, widest distribution, and . most numerous 
connections, of any of the cerebral nerves; but is noted, in Mam- 
mals, by receiving the accessory nerve, ib. 5,11,12, from a greater 
extent of the inyelon : the recurrent branches of the vagus are • 
more exclusively distributed to the trachea and larynx, and send 
a smaller supply of nerves to the oesophagus than in Birds or 
Rejitiles. . 

From the remarkable length of the neck of the Giraffe, the 
condition of the recurrent nerves attracted my attention in dis- 
secting that animal: they were readily distinguishable at tlu; 
upper third of the trachea, but when sought f‘or at their usual 
origin, this was loss obvious. Each nerve was not due, as in the 
short-necked Mammals, to a single branch given oft’ from the 
vagus, continued of uniform diameter round the contiguous great 
vessel and throughout their recurrent course, but it received 
several small filaments derived from the trunk of tlie vagus at 
dift’erent parts of its course along the neck.' Branches of the 
superior laryngeal nerve directly jierforated, as in some other 
quadrupeds and in the I’orpoise, the thyroid cartilage, and wen; 
joined, in a greater proportion than in Man, by branches of tin; 
recurrent, before distribution to the laryngeal muscles, of which, 
however, the crico-thynnd owes its supjily chiefly to the upper 
laryngeal and the rest to the rccurrcnts. In Quadrumaiia, as in 
Man, the internal laryngeal perforates the thyrohyoid tnenibranc 
at the interval between the hyoid bone and thyroid cartilage. 
The upper laryngeal is proportionally larger in the Orang, 
Chimpanzee, and Gorilla, and mainly supplies the capacious 
laryngeal sac in those apes. 

In the Porpoise the left recurrent winds round the end of the 
arch of the aorta, near the remains of the ductus arteriosus; 
the right recurrent winds round the subclavian immediately 
before the origin of the posterior thoracic : both rccurrents send 
filaments tt) the ncsojdiageal plexus from the sympathetic on their 
forward course to the hirynx. After the origin of the recurrents, 
the vagal trunk sends off the cardiac branch, which, uniting with 
sympathetic filaments, forms the idexus supplying the heart. 
Next are sent off the nerves to the bronchial plexuses; finally 
the vagal trunks pass with the oesophagus through the diaphragm, 
the left on the ventral, the right on the dorsal side, and combine 


* xcvir. 



KERVES OF MAMMALIA, 


161 


with branches from the sympathetic to supply the complex 
stomach and the numerous spleens. 

Most Mammals exhibit the grey enlargement of the vagus after 
Its exit from the jugular ft»ramcn, but less distinctly divided into 
an upper, fig. 134, 6, and lower, ib. is, ganglion, than in Man. 
The principal branches— e, g. 7, auricular; io,interganglionic; 15, 
])haryngeal, deriving one filament, 16 , from the vagus, the other, 
17, from the ^ spinal accessory ; ’ 19, 20, superior laryngeal, the re- 
current, cardiac, pulmonary, oesophageal, and gastric — are the 
same as in Man, likewise tlieir connections with contiguous 
nerves, and especially, as by the ‘ filaments,’ 2 i, 22 , with the upper 
syinpathctic ganglion. • 

The spinal accessory, besides its portion, Ib. n, blending with 
the trunk of the vagus, distributes branches to the trapezius, 
jiiasto-humeralis, and sterno-maxil laris, in Ungulates; to the 
elcido-cucullaris and cleido-mastoideus, In Carnivores ; and to the 
traiiezius and steriioinastoid in Quadruinanes and Man. The 
condition of existence of a spinal accessory is not the extension 
of nmseles from the skull to the thorax for the acts of respiration, 
hut the general liomology of the scapular arch as the liteinal one 
of the occiput : accordingly tlie nerve is found in all Vertebrates^; 
and only wlieu the development of the apiiendage of tliat arch 
(‘.alls for its displacement, and attracts for the manifold motive 
and sensitive requiroincnts of the limb, successive nerve-bundles 
from the part of the myeloii co-clongating with the neck, arc the 
root-filaments of tlic ^ accessory ’ drawn down beyond their 
normal, intercranial, place of origin, as at 5, 5, fig. 134. 

The inacromyelonal, by some called ‘ respiratory,’ centres, to 
which tlic origins of the several divisions of the ‘ eighth pair ’ 
have been traced, are coiinccted by means of longitudinal fasciculi 
and cell-columns, eontimious with those in the ccrvico-dorsal 
regions of the myclon, with tlie trigeminal nerves, and with both 
anterior (lower and middle roots of the‘ accessory’) and posterior 
cornua of the inyclonal grey matter, fig. 40, //, h : thus minis- 
tering to a series of motions, both dii'cct and reflex, of high 
importance. 

Tlic roots of the ninth or hypoglossal nerve may be traced to 
groups of nerve-cclls in front of the central canal, ib. i, just 
above the upper cervical nerves, apparently a continuation of the 
cell-columns from which the ventral or motor roots of the spinal 
i^crves arise : some of the roots decussate at the raphe, but most 

' For the homolo|;ue of this nerve, see, in Fishes, vol. i. p. 307 ; in Reptiles, ib. p. 
‘HS ; ill Birds, vol. ii. p. 125. 
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of them sink deep into the nucleus. They are connected with 
each other, with the roots of the vagus, and with those of the 
spinal accessory by means of large multijiolar cells. In the 
Giraffe the lower roots emerge, like a small ^ accessory,’ from 
the cervical part of the niyelon. 

The main roots of each hypoglossal quit the raacromyelon, be- 
tween the prepyramid and olive, figs. 81, 82, 9, usually in two 
bundles, which escape, in many Marsupials^ by two precondyloid 
foramina: but in most Mammals the bundles, perforating se[)a- 
rately the dura-mater, pass out by a single precondyloid foramen, 
and then unite. The nerve is closely connected with the vagus, 
and contiguous cervical gftngliou of the sympathetic, passes 
between the carotid and jugular, then forward between the basi- 
hyal and hyoglossus, and is continued into the substance of the 
geniohyoglossiis beneath the tongue to its ti[). 

In the Porpoise a small branch of the ^ ninth ’ is distributed to 
the sphincter muscle of the posterior nostril, before the supply 
to the muscles of the hyoid and tongue is sent off from the main 
part of the nerve-trunk, which is relatively small in Dclphinkkc, 
In the Giraffe the motor nerve of the tongue is larger in 
proportion to the body than in the Ox : it is largest in the 
Pangolins and Antcaters, in relation to the great length of the 
tongue, and frequency and extent of its muscular motions. As 
the size of the ^ ninth ’ governs that of its special outlet from 
the skull, the precondyloid foramen indicates that the great ex- 
tinct tree-uprooting Sloths {Mplodon^ Alvffathcriuui) applied a 
long flexible prehensile tongue to the plucking oft’ the branches 
of their jirostrated aliment, in a greater degree, even, than is now 
witnessed in the Giraffe,* 

Among the connections of the ninth are some with branches 
of the superior laryngeal to the sterno-Jiyoid and sterno-thyroid, 
associating the movements of the tongue with those of the 
larynx.* In Quadrumana the cervical branch assumes more 
the characters of the * descendens noni ’ of Anthropotomy, and 
supplies the additional differentiated muscles of the hyoid. The 
ninth, like the * accessory,’ is essentially a motor nerve, and I have 
not seen a distinct ganglionic or dorsal root in any Mammal. 

The last, loAvcst, or liindmost, of the inotory nerves of - the 
head is that which supplies the muscles of the occipital or fourth 
hoimal, or scapular, arch ; and the origins of which, fig. 134, 5, 5, 
in the. course of growth of the neck and cervical part of the 

* For the light which may be derived from both nervous and arterial foramina in 
the interpretation of fossil bones, see xcv', pp. 37, 57, pls» vi. vii. xvi. fig. 2, c, 

* A good view of the distribution of the * ninth* in the Jaguar is given in liv, pb 
XXXI. fig. 3, VJ, 
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inyelon are drawn down beyond the cranium. In the Vertel)ratea, 
retaining the tyjrical connections of the arch, the hoinologuc of 
the ‘spinal accessory’ retains its cranial place of origin, as well 
as the connections with the ganglionic or sensory part of the 
nerve. The next cnuiio-inotory nerve, ui advance, is that which 
supplies the muscles of the parietal or third hajinal, or hyoidoan, 
arch* Both ninth and spinal accessory have their ganglionic or 
sensory coinplerneiit in the ‘vagus:’ and, with refcircncc to the 
f)lace of origin of that nerve, it may be remembered that both 
lieart and breathing organs belong to the licad in Fishes. 

The second, or Iroutal, or mandibular, haiinal arch has its gan- 
glionic nerves from the third division of the fifth, its non-ganglioinc 
hy that part of the trigeminal su])pleinentcd by certain branches 
of the ‘ facial.’ The rest of the facial represents the motoiy por- 
tion, as tlie first and second divisions of the ganglionic part of the 
fifth are the sensory ])ortions of the nerve of the nasal or maxillary 
hicnnil arch and its clothing. The ‘ sixth,’ ‘ fourth,’ and ‘ third’ arc 
j)Mrts of the cranial motory nerve-system applied to a special oi’gau 
of sense. 

The inyelonal nerves indicate the segments of the axis enclosed 
ill their protecting vertebral rings : both segments and nerve- 
pairs being calleil into being according to the requirements of 
the trunk and limbs of the species. The head-segments and 
trunk-segments directly succeed each other in Protoptcri and 
^rdeostonii (vol. i. pp. 7, 14); but in IMammals, as in other air- 
l>reathiTig Vertebrates, neck-segments and nerves are interposed; 
and, as the scapular appeudage becomes developed into a jointed 
limb, requiring a more backward position through its size, or one 
of’ more freedom for the cxercasc of various movements, it attracts, 
as it were, the requisite ncrvc-force from the successive points or 
segments of the myclon, and chiefly Irom a post-cranial or cer- 
vical portion. 

The development of nerves, as of vessels, is not jirimary and 
iiKlepeiident, but secondary and subordinate to the parts Jieeding 
tlicin. If the ajipendagc of a lueinal arch retain its archetypal 
simplicity, as in Protoptcrus (vol. i. p. 163, fig, 101), one jiair of 
nerves serves it ; if it grows to a ma5cimum of size and number 
of digital divisions, it may attract its nerve-supply from fifty 
isiiecessive segments of the myclon (liv. pi, xi. Raia batis). In 
^lammals eight or nine segments succeeding the encephalon 
niinister nervous powder to the scapular arch and its appendage, 
Ihc latter chiefly drawing upon the last three, four, or five pairs, 
""liich are proportionally large. 
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Because tlie neural arch and corresponding muscular segment 
have conditioned the beginning of the corresponding ]>air of 
spinal nerves, it does not follow that the specially enlarged and 
endowed appendage of such seginent is archetypically an aggre- 
gate of as many appendages as the nerve-pairs from which it has 
attracted branches in the course of its growth and development. 
But, on this assumption have rested tlic conclusions that the scapuhi 
was an aggregate of all the cervical plcurapophysos, and that the 
humerus was the coalescence of the live diverging appendages 
retaining their primitive and typical freedom in the five digits : 
and, by parity of rcascmiiig, the scapula of the Skate sliould lx* 
an aggregate of more than fifty pleurapopliyses, &c. 

1 assume that anatomists are agreed that the bone, vol. i. fig. 
101, n, 51, is the homologuc of 5i, in fig. 101, A: that the scapula 
of the Amjhiuma answers to the hone so called in otlier Re])tilcs 
and in Birds: and that tlie occipi tally attached sca])iila of the 
Lepidosiren is the h<nnologuc of the similarly nainetl and con- 
nected bone ill other Fishes. But the long cylindrical rib-like 
‘ scapula ’ of the Le[)id()sircn is one element, and the diverging 
segmented apjiendage of the scapular arch manifests the like 
essential unity. Now, the bifurcation of the distal segment of th(^ 
homologous diverging appendage in Amphiuma does not mak(* 
the unsplit part (fig. 101, b. 65) an aggregate of two appendages, 
nor its scapula, ib, 61 , an aggregate of two ribs. And the same 
may be predicated of five or any greater number of radiated 
divisions of tlie terminal jiart of the scajuilar appendage. But 
the pectoral fin of the Skate is the pectoral filament of the INIiid- 
fish, the fore-leg of tlie Quadruped, the wing of the Bird, the arm 
and hand of Man : i.e. tliey are homologous parts “™ though with 
a supply of muscles, nerves, and vessels, according to their respec- 
tive sizes, shapes, and uses. Say that the appcTidage in Lepidosiren, 
fig. 101, A, 53-57, is a dermal development, and that the humerm, 
radius^ &c. in its liighor homologues, are skin-bones, and not 
parts of tlie cndo-skcleton : it does not follow that the scajiular 
arch, ib. 5i, .62, is, also, part of the dermo-skelcton. What, then, 
is it? This question I propounded, in 1846,* in reference to all 
tlie parts of the vertebrate skeleton of which anatomists were at 
one in respect to their special homology : it applies to the basi- 
occipital (vol. i. fig. 77, i) and other elements of the occiput of the 
Fish, as well as to the scapular arch thercwdtli connected. What 
is the basioccipital ? Anatomists are agreed that the ‘basilar 
process of the occijiital bone’ (Anthrojiotoiny) is its homologuc: in 

** i.xxiv, p. 276 . 
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oilier words, tliat the same bone or osseous element may be pointed 
out from the Cod-fish up to Man. But at this point the above 
question may be met by the averment, that it need not be asked : 
that there is no ground for liomological generalisation higher 
than the special one. Such anatomists rest on the step beyond 
Avhich Cuvier refused to j>ass. With him parts were homologous 
btx^aiise they served similar purposes, or were under like teleo- 
logical conditions of existence. Neither the final nor the me- 
('haiiical causes of separate basi-, ex-, and super-occipitals, of basi- 
aud ali-sphenoids, jiarietals, &c. in the skull of the fmtal Bird or 
Kangaroo, have liecn explained^ ; and as I am unable to conceive 
of them, and am in no wise helped by the averment of inhe- 
ritance, I retain my conviction that the basilar ]>rocess of the 
human oecii>ital bone is tlie centrum of the hindmost cranial ver- 
Icbra ; having, moreover, traced the scajuilar arch and ajijiondagc 
to its extreme of simjilieity in Protcyptmia and Lepidosiren^ I 
accept the light which such condition thnnvs upon its general ho- 
mology, as the hannal arch of the same (occipital) cranial vertebra. 

If there be eartilagiiious fishes that combine a fix?tal gristly con- 
tlition of skull with a maximised development of scajmlar append- 
age, 1 conclude that tlie liackward displacement of the sustaining 
arch, from its tyj^e-jiosition, is a coiisequeuec of such development, 
and prefer to alhov iiiy reasoning as to the nature of a limb to be 
guided by the state and conditions of such appendage in the verte- 
brate .s(M-ies, rather than by the state of the cranium in one part 
thereof. It is not probable tbat the ])ectoral fin of Shark or Skate 
shows tlie condition under which the appendage of the scapular 
ar(‘li first appeared in fishes,* 

On laying open the nem'al canal, and exjioslug the inyelon by 
slitting u]) and refiecting the • dura-mater, ’ as in fig. 135, the roots 
of the nerves are seen, which go ofi‘in lateral pairs, and escape at 
tlie intervals of the vertebne; they arc called the -^spinal’ or 
‘ niycJonar nerves. One bundle of the radical filaments [iroceed 
fi om the antero-latcral, the other bundle from tlie postcro-lateral 

' Messrs. Seeley and Spencer dispute tlie priority of such explanation and don't 
give it. xci" and xcn.'' 

Respect for the conductors and editor of lxxv has led me into the above digres- 
sion; and as they meet what they consider the ‘main defect * (ib. p. 123) of the present 
work by an ‘ argumentum ad verecundiam,’ I would observe that the individual who 

ijerceives, or discovers, the general homology of the basioccipitil, the scapula, or 
oil>cr pun of the hindmost segment of the skull of a cod-fish, puts himself in advance of, 
ynl more or less in antagonism with, others. If his perception be true, but not accepted, 
h is not his fault that ‘ he be right and everybody else wrong.* Such a state of things 
Inis happened more than once in the history of science, but it is huj^pily transitory; the 
many moving onc-ward, the one onward. 
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fissure, and between the bundles passes a delicate fold of the arach- 
noid, which is attached by an angular process, to the dura-mater 
at the interval, usually, of each nerve (p.78). 


1.35 



Portfoii fit myeloji, with rofimof 
nervosof oim ftidn. lliiinnn, 
iiatumt slxo. 


The anterior or ventral and tlie posterior or 
dorsal bundles converge, separately per- 
forate the diu'a-mater, and unite, at the in- 
tervertebral foramen, into a single ^ nerve.’ 

In the Elephant the jM)sterior roots come 
off abruptly in a few, large, and distinct 
bundles : the anterior roots emerge from 
a longer extent of their furrow, are niiine- 
rous and small, and form several bundles 
l)efbre passing through the dura-mater. 
The same characters of the anterior ainl 
posterior origins are seen in Cetacea^ in 
which the two roots preserve their distinct 
course before uniting, after perforating the 
dura-mater, longer than in otlu'r Muin- 


luiils. Ill the human 
SI 1 1 )ject, especrial ly 
at the cervical ])art 
of the inyclou, the 
anterior root, fig, 
136, A, is the small- 
est; its finer fila- 
ments form more 
delicate fasciculi, 
aggregating into 
two, before uniting, 
as a flat band, with 
tlie posterior root. 
Of this the fila- 
ments,!’, are larger, 
and blend with tlie 
cell-substance of a 
ganglion, o, before 
uniting with the 
anterior root to fonn 


ir,f} 



Jlootd of )nyclotiai nerve, ningn* 


the nerve-trunk, c. 


The capital experiment which has immortalised the name of 
Charles Bell was suggested by the above anatomical fact, and 
1 quote his original account of it from the extremely rare little 
tract, which he printed for' private distribution in 1811.* 


1 


LXIV”, 
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Believing that he could ^ trace down the crura of the cerebrum 
into the anterior fasciculus of the sjunal marrow, and the crura 
of the cerebellum into the posterior fasciculus, I thought,’ he 
writes, p. 21^^ that here I might have an opportunity of touch- 
ing the cerebellum, as it were, through the posterior portion of the 
spinal marrow, and the cerebrum by tlie anterior portion. To this 
(M)d I made experiments wliich, though they were not conclusive, 
encouraged me in the view I had taken.’ 

^ I found that injury done to the anterior portion of the spinal 
marrow convulsed the animal more certainly than injury done to 
the posterior portion, but Ibund it difficult to make the experi- 
ment without injuring both portions.’ 

^ Next considering that the spinal nerves have a double root, 
and being of opinion that the properties of the nerves are derived 
from their connections with the parts of the brain, I thought that 
I had an opportunity of putting my opinion to the test of experi- 
ment, and of ])roving at the same time that nerves of different 
eiKlowmcnts were in the same cord, and held together by the same 
sheath. 

‘ On laying bare tlie roots of the spinal nerves, I found that I 
(M)ul(l cut across the posterior fasciculus of nerves, which took its 
origin from the posterior portion of the spinal marrow, without 
convulsing the muscles of the back ; hut that on touching the 
anterior fasciculus with the point of the knife, the muscles of the 
))ack were immediately convulsed’ (ib. p. 22). 

Tlie ventral as well as tlie dorsal roots of the spinal nerves are 
traceable to the contiguous parts of the grey tract, the latter more 
immediately, as at A, fig. 40, They are severally connected with, 
but do not cofistitutc, the white columns from which they emerge. 
Comparative anatomy testifies plainly against the anterior and 
] posterior columns being aggregates and braimvard continuations 
of the motory and sensory roots. Thus, in tlie instance of such 
unusual elongating growth of the myelon as takes place in the 
neck of the foetus of the Giraffe, as many of tlic roots of a nerve, 
the origin of which may be so extended by interstitial myelonal 
increase, incline tailward as headward (p. 75). And accurate 
experiment gives the same response, sensation continuing or 
being heightened in parts supplied by nerves beyond the place 
uf the inyelon of which the dorsal or posterior columns have been 
divided. 

The most constant anatomical concurrence with sensory func- 
tion is the ganglion, fig. 136, G, fig. 131, 9. 

In all Mammals the trunk, fig. 136, o, formed by the union of 
tbc two roots soon dirides into an anterior and a posterior pri- 
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uiary set of nerves* The posterior or dorsal are usually the 
smaller division, and, bending backward, soon subdivide into 
external and internal branches. The pairs of nerves are classified, 
according to the regions of the vertebral columfl where they 
emerge, into ^ cervical,’ ‘ dorsal,’ ‘ lumbar,’ ^ sacral,’ ‘ caudal,’ and 
ofier numerical differences corresponding with those of the verte- 
bra), in the Maminaliaii series. Each is anterior to the coiTCspond- 
ing bony segment, and, fi>r the most part, escapes between that 
and the segment in advance; but the notch of the * conjngational 
foramen ’ is always deepest at the fore part of the iicurapophyKsis 
answering to the nerve, and is directly perforated thereby in 
many instances; as, e. g. that of the atlas by the first cervical 
in the Tapir,* and also that of the axis by the second cervical in 
the Hyrax.^ Most of the cervical and the dorsal vertebne are 
perforated by their corresponding nerves in the Hog and Pec- 
cari ; ^ and some dorsals and Inmbars are so perforated in most 
llnrainants.^ Therefore, I count the ^ snboccijiital ’ nerve as the 
first cervical one, and reckon the ^ eighth cervical ’ of Anthropo- 
toiny as the ^ first dorsal.’ 

Some details of the distribution of the inyelonal nerves in 
Monotremata arc given in Lxxxi*. In the Cetacea they have been 
described by Stannius '^ and Swan^ In PhoccRiia communis. 

In the Porpoise, the first cervical has a distinct posterior root, 
smaller than the anterior one, but with a small ganglion ; be- 
yond which the two unite, as usual. The posterior or dofsal 
branches supply the occriiiital and contiguous intcguinent, and 
the tegnmentary and other muscles passing to the occiput ; 
supplying, also, small branches to the ‘ niasto-hiimeralis.’ I'lie 
anterior or ventral branch passes along the scalenus, joins cf»r- 
responding branches from the second and third cervicals, and, in 
combination with the ^ descendens noiii,’ supplies the sterno- 
hyoid and stcrno-thyroid muscles. The second and succeeding 
cervical nerves arc larger. A posterior branch of the second 
perforates the masto-humeralis, and snj)j)lies the intcguinent of 
the neck. Other posterior branches of this and following cer- 
vicals supply the interspinales, spinalis ccrvicis, splenius capitis, 
and the more superficial muscles and integument at the fore and 
dorsal parts of the trunk : ventral branches go to the scalenus 
anticus, levator anguli scapula*, and contiguous muscles. The 
fourth cervical contributes the largest }>art of the ‘ phrenic neiwe,’ 
bpt it receives a filament from the third cervical, sometimes from 
the second ; always from the fifth. The left phrenic passes a 

* xr.iv, p. 501. * Ib. p. 522. • I!>. pp. 543, 563. 

* Ib. p. 579. » i.xxvi”. i.iv, 2/1 fi/1. p. 156. 
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short way along the scalenus anticus ; as it ^inks deeper, it gives 
a filament to the jicctoralis major, passes over the aortic arch and 
trunk of the vagus in entering the thorax, passes along the 
anterior mediastinum, and then along the pericardium to the left 
side of the diaphragm. The right phrenic crosses the suhclavian, 
or ti*unk of the brachial artery, in entering the thorax, and 
snj)i)lie8 the right half of the diaphragm. A small branch of 
the anttirior division of the fifth cervical, a large branch of that 
of the sixtli, a still larger one of the seventh, and a smaller 
c<>ntrihuti()ii from the first and second dorsal nerves combine to 
Ibrm the axillary jdoxus, prior to whicli are sent off nerves to 
the scalenus anticus, subscapuhiris, teres major, and latissinms 
(lorsi. From the plexus is continued a hraneh beneatli the 
trieops, which quickly radiates small filaments, one of the largest 
of which is continued along between the radius and ulna; a 
second branch passes along the inner side of the triceps to the 
olecranon ; a third branch goes between the hind border of the 
s('a])ula and the triceps outward and forward, it sui)plies the 
infrasj)inatiis and deltoid, and ends in the periosteum and skin at 
the fore part of the humerus. ]\Iany\small twigs are sent to the 
subsea])ularis muscle. The hindmost and strongest bi'anch goes 
()l)liqnely outward and backward, giving filaments to the latis- 
simiis dorsi, arid bends over tlic chest to the sternum, along the 
side of which it distributes itself to the serratus magnus and con- 
tiguous muscles attached to the ribs; it answers to the ^external 
thoracic nerve.’ Tliore ai-e thirteen pairs of dorsal nerves, each 
dividing into a dorsal and intercostal part. The dorsal division 
bends uv(?r the rib-neck in the anterior vertchne, and over the 
lengthening diapophysis in the posterior ones, and subdivides into 
a siqrerficial and deep part ; the latter supplies the spinales, 
inters|>inales, and the fascia of the muscles of the back ; the 
siqrerficial nerves contribute to the longissimus dorsi, and 
levatorcs costarum, in their way to the skin of the back and its 
muscles. The ventral divisions of these nerves arc less distinctly 
subdivided into external and internal fasciculi tliaii in quadru- 
peds. The first intercostal sends a communicating branch to the 
axillary plexus, before its normal distribution, as in the other 
intcrcostals, to the muscles so called, which are perforated toward 
the sternum by the branches going to the ventral integument. 
The nerves answering to lumbar and sacral of Quadru|)eds divide 
into dorsal and ventral fasciculi. The former go to the inter- 
trausversales, spinales, interspinales, sacroliimbalis, and longis- 
simus dorsi; and to the superincumbent fascia and tegument. 
There are intercommunicating filaments between the dorsal divi- 
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sions of the second, third, and fourth lumbar nerves. Some of the 
ventral branches pierce the intertransvcrsalis before penetrating 
the fascia of the psoas, on tlieir way to the oblique and straight 
abdominal muscles ; but the main pro]K)rtion is tsiken by the 
psoas. Anterior branches from the seventh, eighth, and nintli 
lumbar nerves diverge from the ordinary course or distribution, 
and partially unite with a plexus extending to and supplying the 
muscles which connect the ischial or pelvic bones with the abdo- 
minal and caudal muscles and those of the attached parts of the 
sexual organs. The above nerves evidently represent the lumbar 
plexus developed in Quadrupeds for the hind-limbs, but their 
chief distribution is iis * jmdendar nerves. The anterievr or 
ventral divisions of the caudal nerves raaiidy combine to form a 
nerve-trunk on that aspect of the tail, which is resolved into 
many small parallel transverse branches, from which are supplied 
the muscles and teguments of that part of the tail. The dorsal 
divisions are similarly distributed, but only a very small propor- 
tion goes to the skiii.^ 

In the Ungulate scries the distribution of the spinal nerves has 
been followed by the hippbtoinists in the Horse and Cow; by 
Swan ill the Ass f and I have made observations on that part 
of the anatomy of the Hhinoccros and Giraffe. 

Several branches from the wsuperior cervical ganglion of the 
sympathetic join, in a plexiform manner, the anterior division of 
the first cervical ; this also receives a filament from the descendens 
noni, which previously communicates either with the trunk or a 
filament from the par vagum ; afterwards it joins the pharyngeal 
|)lexus, and is distributed to the sterno-hyoid aiid sterno-thyroid 
muscles. The nerve given to the serratus inagnus proceeds 
from the sixth cervical with the phrenic ; but the phrenic after- 
wards communicates w ith a branch of the seventh, given to the 
pectoralis major. The axillary plexus in the Ass, also in the Pig, 
is formed from the seventh cervical and the first and second dorsal 
nerves. The superior scapular nerve proceeds chiefly from the 
seventh cervical ; but in some degree from the first dorsal, and is 
sent to the su pra- and infra-spinati muscles of the scapula. Branches 
proceeding from all the nerves forming the plexus are given to 

* Swan well notes the difference between the mode of supply to the natatory tail, 
i.e. by a few trimks in Cetacea derived from a remotely situated myelon, and that in 
Fishes, by nmny nerve.pairs from a contiguous myeloii : also the great proportion of 
inotory as compared with sensory filaments ; the tail being not only the main motive 
instrjiment in Whales, but capable of ‘giving hard blows without feeling much pain/ 
Liv. p. 165. 

* xjv, 2d ed. pp. 153, eL 
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the great pectoral muscle ; a nerve proceeding principally from 
tlio last cervical and fii’st dorsal supplies the subscapiilaris, teres 
major, and latissimus dorsi, then takes a circumflex course to the 
deltoid, and external head of the triceps, and finally passes down 
the limb to the skin. The external branches of the tliird and 
fourth dorsal nerves, also, supply the skin ; the internal cutaneous 
nerve is sent off from the ulnar. The musculo-cutaiieoiis is 
1‘ormcd chiefly by the last cervical, and partly by the first 
dorsal ; it contributes to the formation of the median nerve, 
then pierces the coi’aco-brachialis to terminate on the biceps. 
The median is mainly formed by the first two dorsal nerves; it 
sends a branch to the biccj)S, brachialis internus, and supi)lies the 
skin on the posterior and inner part of the fore-leg. After 
supplying the flexors on the fore-lcg, it sends a nerve close to the 
bone which gives filaments to the ]>eriosteum, and passes to a 
muscle answering to the flexor longiis pollicis : it then passes 
underneath the annular ligament, and sends a large branch 
obliiiiiely over the flexor tendons to communicate with the ulnar 
nerve, and descends, giving off branches to the skin at the inner 
side of the loot, which communicate with the inner portion of the 
deep palmar branch of the ulnar: it then passes to vascular 
lamclhc attaclied to the hoof, fig. 17, 17 , to terminate on these, on 
the villous part of the sole and the ligaments of the joints. The 
ulnnr nerve arises from the first ami second dorsals; at tlio middle 
of the arm it sends off the internal cutaneous nerve, and at the 
<*ll>(ov gives some branches to the short extensor and the elbow 
joiiit; it passes down, covered by some fibres of the flexor 
muscles, and at the wrist sends ofl’ the dorsal branch to the skin 
at the posterior and outer ])art of the foroleg ; it passes under- 
neath and to the inner side of the flexor carpi idnaris, and then 
imderncath the annular ligament, and gives off the deep palmar 
i:erve: it receives the branch from the median, and descends, 
giving branches to the skin and ligaments at the outer side of the 
foot, after these have comnuinicated with the outer branch of the 
dee[) palmar ; it j)asscs into the foot, covered by the vascular 
lainelhe connected with the hoof, and terminates on these, the 
villous part of the sole and the ligaments of the joint. The deep 
palmar gives some filaments to the ligaments, and divides into 
two principal branches, one to pass on the inner side to give 
filaments to the joints, the periosteum, and ligaments, and com- 
municate with the branches of the median sent to the skin and 
ligaments at the inner side of the foot, the other to give filaments 
to the periosteum and ligaments, and communicate with branches 
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of the iiliiar, having a similar destination on the outer side of the 
foot The miisculo-spiral nerve arises from the seventh cervical and 
first and second dorsal nerves : after supjdying the he«ads of the 
tricej)Sj it passes round the humerus, and gives branches to the 
two large extensors at the back of the fore-leg, and sends a 
branch, somewhat cxj)andcd, down to the carpal joints, but not 
swelling into a ganglion,: as in Man ; it then pierces the rudiment 
of the short supinator, to siip{)ly a muscle answering to tlie Jong 
supinator on the outer side of the back of the forc-arm. 

In the l*ig, the median in the forc-arm is mucli larger tlian the 
ulnar; it receives a small communicating braneli from the ulnar 
near the wrist, and then supplies the inner small toe (u), both 
sides of the inner large toe (ui), and the inner side of the next 
(/y). The ulnar gives ofi‘ the dorsal brancli, and then sends 
the deep ]>:ilinar to tlie interosseous muscles ; it contributes a small 
branch to the median, and then supplies the outer side <»f the 
large toe (/r), and tlie adjoining small toe (r). Tlie greatest 
jxirtion of the dorsum of the foot is furnislied by the radial branch 
of the spiral nerve, and the rest by the dorsal branch of the ulnar. 

In the Ass there are eighteen pairs of dorsal nerves, the 
anterior or ventral divisions of which pass between the ribs, arc 
distributed to the intercostal and abdominal muscles, the liind- 
most jicrforating the psoas muscle. There are five lumbar 
and six sacral nerves, besides four or five caudal. The third 
lumbar sends ott’ a liranch, w-hich gives a braneli to the great 
psoas muscle, and one to join the fourth for the anterior crural 
nerve ; it then becomes the external cutaneous nerve to ])ass on 
the outer side of the thigh; it sends off another large hraneh 
corresponding with the external sjiermatie, wliicli eommunieates 
with a large branch of the lliird lumbar ganglion of the symjia- 
thetie, gives a branch to the small psoas muscle, and then 
passes underneath tlie lower border of the abdominal muscles, to 
which it sends a branch, and Iieeomes distributed on the mamma. 
The anterior crural nerve arises from the third, foilrth, and 
fifth lumbar nerves : tlie obturator arises from the fourth and 
fifth lumbar, and first sacral nerves : tlie seiati(5 arises from 
the three first sacrals : the }irineipal part of the tliird and 
fourth sacrals, joined by a small branch from the portion of the 
sciatic arising from the second, give off the internal pudendal to 
pass at the side of the arch of tlie ])ubes, distribute filaments 
to the neck of the bladder, and terminate on the clitoris, vagina, 
and external parts, and the connecting muscle and membrane 
between these and the marnina. A branch of the external sper- 
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Tnjiti(? may be traced downward, and a branch of tlic internal 
pudendal upward, towards each other. Another part of the 
junction of the fourth and fifth, with sometimes a branch from tlie 
sixth sacral, joins the hypogastric, plexus, and sends branclujs 
along the inferior uterine artery to the neck of the uterus and 
vagina, and is then distributed to the bladder, urethra, vagina, 
and rectum. The remaining pai*t of the fifth and sixth sacrals 
forms the beginning of the anterior caudal nerve, to which the 
anterior trunks of tlic remaining spinal nerves below it become 
united ; the posterior trunks of these nerves form the j)osterior 
caudal nerve ; both of these are continued to the extremity of 
the tail, communicating by branches, and supplying one-half of 
<‘ach anterior or posterior surface.^ The gluteal nerves are sent 
from the two first sacrals at their junction with the sciatic, and 
terminate on the glutei and tensor fuscite. A nerve given off 
from the s(‘iatic su])plies tlie gracilis and gcmelH, and is continued 
down to the quadratiis feinoris. The anterior crural nerve sup- 
plies the sartorliis, rectus femoris, vavSti, and cruneus. The sa- 
plumus nerve descends with the vein, giving numerous filaments to 
the ligaments and skin, and communicating at the side of the foot 
witli the inner branch of the deep plantar nerve, and through this 
with a bramdi of the iniujr plantar, to 1)C distributed on the skin at 
the side of tlic foot. Tlie obturator nerve supplies the adductors 
and the large muscle con’esponding with the gracilis. The sciatic 
nerve gives bramdu^s to the scniimcmbram sus, semitendinosiis, and 
hicejis; it then divides into the posterior tibial and the peroneal, 
both of whieli give branches to the biceps. The posterior tibial 
sends a branch down at the back of the gastrocnemius, and on the 
outer side of the toiido Acliillis to the fiscia,()n tliat side of the hock : 
U then passes between tlu; heads of the gastrocnemius muscle, to 
which and the large muscle representing the posterior tibial and 
the flexors of tlie toes it gives branches ; it descends on the inner 
•^ido of the teiido Achillis, giving branches to the fascia, &c. on the 
inner side of the hock, near which it divides into the inner and 
outer plantar nerves ; the inner sends off a large branch obliquely 
over the flexor tendon to join the external plantar nerve ; it paKSses 
down on the inner side of the tendon, giving branches to the sheath, 
f ascia, and integimieiits ; near the foot it gives off a large branch, 
which communicates with the inner branch of the dcei) plantar 
nerve, to be distributed on the skin at the inner side of the foot; 

gives branches to the skin of the heel, and then passes down to 
the hoof, covered by the vascular lamelhc, and distributing 

* LIV, i>. IGO. 
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branches to these and the villous stratum of the sole. ‘ The 
external plantar passes between the flexor tendons, and then on 
the outer side of these, and gives oft* the deep plantar nerve ; it 
is continued down on the outer side of the tendon, gives filaments 
to the sheath and fascia, receives the branch from the inner i)lantar, 
and gives olF a branch which communicates with the outer brancli 
of the anterior tibial nerve, and is distributed on the side of the 
foot ; its ultimate distribution resembles that of the posterior tibial. 
The deep plantar gives filaments to the ligaments, then divides 
into two branches; the inner passes dowm beneath the tendon, 
then near the edge of the bone to the foot to communicate with a 
branch of the saphenus nerve, and of the inner plantar, to be dis- 
tributed on the skin at the inner side of the foot; the out(*r 
branch passes near the edge of the bone, gives a brancli to the 
ligaments, and then joins the outer branch of the anterior tibial 
nerve. The peroneal nerve passes to the outer side of the leg, 
and gives small branches to the fascia and skin ; it sends the long 
branch downward which gives filaments to the fascia, and termi- 
nates in the skin covering the dorsum of the cannon-bone. It 
gives filaments to the ligaments sind fascia on the outer side of 
the knee-joint, and branches to the peroneal muscle, the extensors 
of the toes, and the anterior tibial muscle. It gives oft* the 
anterior tibial nerve, which passes down the leg between the 
peroneal and anterior tibial muscles, then between tliis and the 
bone along with the anterior tibial artery underneath the annular 
ligament, where it divides into two branches; the outer one gives 
filaments to the joint, and is contained with the anterior tibial 
artery on the outer side of the cannon-bone, giving filaments to 
the periosteum, and on the outer side of the foot receiving the 
outer hraiieh of the deep plantar nerve; it tlien becomes connected 
with a branch of the outer plantar nerve, and is distributed on 
tlie ligaments and skin on the outer side of the foot ; the inner 
branch of tlie anterior tibial passes down on the cannon-bone, 
gives filaments to the ])eriosteum and fascia, and terminates on 
the skin at the inner side of the foot. 

In the Pig, the ])ostcrior tibial nerve, having given branches 
to the muscles of the leg, and sent the branch down at the hack 
of the gastrocnemius muscle to tlie outer side of the leg, gives 
filaments to the inner side of the heel, and near the part divides 
into the inner and outer plantar nerves ; the inner is continued 
onwards, and sup|)lies the small inner toe (m), the first large 
toe (m), and the inner side of the next (/?;). The outer plantar 
nerve pavsses underneath the flexor tendon, and is continued on- 
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ward to divide for the outer side of the second large toe, and the 
outer small toe ; it sends the deep plantar into the sole to supply 
the short muscles situated there. The anterior tibial nerve gives 
braucjhes to the ligaments at the back of the foot, and sends a 
branch to su[)ply the toe, u, and the inner side of in ; the rest of 
it trivcs branches to the small muscles on the back of the foot, 
and then i)asses fonvard to join the branch of the peroneal given 
to the outer side of m, and the inner side of iv ' ; the continua- 
tion of the peroneal after emerging just above the instep suppliet^ 
the outer side of Hi toe, both sides of w and v, the l)ranch sent 
to the outer side of Hi and the inner side of iv receiving a branch 
of the anterior tibial. 

In the order Carnivora^ the distribution of the nerves has been 
described and figured by Swan, in the Fox (Liv, p. 150, pi. 33), 
and in the Jaguar (ib. p. 161), from which the following account is 
chiefly abridged. In the Fox the anterior trunk of the first cervi- 
cal jiasscs forward, and scuds up two filaments to the junction of 
the trunk of the par vagum with the glosso-pharyngeal, the ninth, 
tlic accessory, and the superior cervical ganglion of tlie sympathe- 
tic ; It gives branches to the recti antici, and then joins the descen- 
dens noui, to be distributed to the sterno-hyoid and sterno-thyroid 
muscles. The posterior trunk supplies the recti capitis postici 
and oblupii sup. ct inf. The anterior trunks of the second and 
lliird cervical nerves give branches to the recti capitis antici, then 
unite to communicate with the accessory, and divide into brancdies, 
wliich are distributed on the cutaneous muscle and skin at the side 
of the face and neck and external car. T'lie fourth cervical gives 
a branch to join the accessory and others to the trapezius, and is 
then distributed to the cutaneous muscle and skin at the side of 
tile neck. The fifth cervical nerve gives a branch to the acces- 
sory, and to the trapezius, and then jucrces this to terminate on 
the skin at the lowest part of the neck. The posterior or dorsal 
division of the second cervical nerve gives branches to the splcnius, 
coinplexus, and other mivscles, close to the posterior part of the 
‘^pine, and then sends a branch through the compicxus towards 
the occiput, which gives filaments to the muscles inserted into the 
back of the ear, but is chiefly distributed on the skin of this part. 
The posterior division of the third cervical is similarly distributed. 
That of the fourth cervical gives branches to the complexus and 
other muscles close to the spine, and then terminates on the skin. 
The posterior divisions of the sixth and seventh also give branches 

' See vol. ii. p. 303, fig, 193, Hippopotamus^ which resembles the foot of the 
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to the muscles and skin ; the first dorsal supplies the muscles 
only. The phrenic nerve is formed by a branch from the fiftli 
ami sixth cervicals: it passes over the pericardium to the dia- 
phragm, and on the right side is placed close to the i)Ost-caval 
vein. In the Jaguar, the phrenic also arises from the fifth and 
sixth ccrvi(*als, and receives a branch from the first thoracic 
gangli(m. The axillary plexus is formed by the last two cervical 
and first two dorsal nerves. In the Fox the axillary plexus is 
formed by the sixth and seventh cer\'ical and first and second 
dorsal nerves, but the greatest part of the sixth, after receiving a 
branch from the seventh, gives a large branch to the integuments 
on the anterior part of the shoulder-joint, and then passes to form 
the superior scapular nerve, and terminates on the supra- and 
infra-spinate muscles. Branches from the sixth and seventh 
cervical and first and second dorsals are given to the pectoral 
niMScles ; a branch from the seventh cervical is given to the 
serratus magniis, and branches from the sixth and seventli go to 
the siibscapularis. The circumflex nerve arises from the union of 
the sixth and seventh cervical nerves; it gives branijlies to the 
siibscapularis and teres major muscles, and then divides and sends 
a bmncli to the infra-spinatus muscle and the deltoid, and brandies 
to tlie integuments on the outer side of the arm. 

The internal cutaneous nerve is sent off by the ulnar; it passes 
down the arm, and, near the inner condyle of the humerus, divides 
into branches to be distributed to the skin at the ulnar side of tlu^ 
fore-arm. The smaller internal cutaneous nerve is tlie external 
liranch of the third dorsal after its ogress from between the ribs; 
it pierces the liroadest muscle of the ba(;k, and divides into 
branches, to lie distributed on the skin at the inner and jiostcrior 
part of the arm. The musculo-cutaneous nerve arises from the 
seventh cervical witli the outer portion of the inediah, gives a 
branch to the jicctoraiis and coraco-bra(*hialis, and then passes <dl 
to terminate on tlie l)ice]>s. The seventh cervical, having given 
off the hoinologiio of tlie musculo-cutaneous, the remaining part 
gives off a branch wliich sends one back to the brachialis intermis, 
behind the tendon of the biceps, and then gives branches to the 
skin of the fore-arm, in the pla(?e of the cutaneous portion of the 
inusculo-cutancoiis nerve in Man ; it then joins the branch from 
the first and second dorsal nerves, about an inch above the elbow, 
to form the median nerve, wliich is small as compared with that in 
Man. The nerve thus formed jiasses under the origin of the 
pronator teres, and gives branches to this, the flexor carpi radialis, 
and the superficial and deep flexors of the digits ; it then jiasses, 
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by the side of the radial flexor and between the digital flexors, 
through the annular ligament; it is continued in the foi*c-paAv 
between the tendons of these muscles, at the division of which it 
sends off branches ; it gives filaments to the skin of the pidm, and 
a branch to the rudimeiital pollcx,* another to the inner side of 
the index (li), and a branch to be joined by one from the de^.p 
palmar for the outer side of the index and the inner side of the 
medhis’(ili) ; another branch also to be joined by a branch from 
the deep palmar foi* the outer side of the medius and the inner 
side of the annularis (iv). The ulnar nerve is formed by the 
first and second dorsals; it descends behind the inner condvle of 
the humerus, covered by thick fascia and by part of the flexor 
suhlimis ; it then passes down tlie fore-arm between the flexors of 
the fingers and the ulnar flexor of the wrist. In the fore-arm it 
is larger than the ccmtiiuiation of the inedian nerve : it sends a 
branch to the ulnar side of the superficial and deep flexors of the 
digits and the ulnar flexor of the wrist: near the hand it sends a. 
bi-anch to the back of this part to comninnicate wdth tlie radial 
branch of the musctilo-spiral nerve, and then ])roceeds to the 
outer side of the fifth digit (v) ; it passes deeply, confined by a 
ligament at Its entrance, into the palm, and sends a branch for 
the inner side of the fifth digit and the outer side of the fourth ; 
the rest of the nerve, forming the deep |)almar, divides into 
branches, wdd(‘h terminate on the interosseous and other small 
muscles situated in the palm, and give branches to join those of 
the median s<?nt to tlie outer side of the index and the inner side 
of tlie medius digit ; also to the outer side of this and the inner 
side of the annularis. The distribution of the median nerve is 
nearly the same in the Felines, hut the trunk traverses the ento- 
condyloid canal. The miisculo-spiral nerve has a slight com- 
munication with the sixth cervical, but is principally formed from 
the seventh and first and second dorsals ; it gives branches to the 
diirerent heads of the triceps muscle, and wdnds round between 
the inner and large lieads of the triceps to the outside of the arm, 
and divides into two large branches; one gives off a cutaneous 
branch to the outer side of the fore-arm, and then descends in the 
l)lace of the radial, giving branches to the skin, and dividing to 
terminate on the skin at the back of the paw and the side of each 
<bgit, except the outer side of the fifth, and communicate with 
die dorsal branch of the ulnar ; the other, in passing to the back 
^>f the fore-arm, gives a bran^i to the long and the short supinator 
muscles ; it then divides to terminate in the extensor carpi radialis 

* Vol. ii. p. 306, fig. 191, Ilyctna, i, which also serves to exemplify the homology 

the digits of the fore-paw in tlie Dog and Cat. 

VOL. lir. N 
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and the extensor digitorum, whilst a long branch passes on and 
gives filaments tt) the extensors of the pollex and to the wrist- 
joint, but does not terminate on this }»art in a ganglion, as in Man 
and Quadriiinana, 

There are thirteen pairs of dorsal nerves, and their principal 
deviation from those in Man consists in ii suialler size, a more 
direct course, and a less distrihutioji ou the abdominal muscles, 
and those at the lower part of the thorax being <‘overcd 
by an extension of’ the origin of the psoas imiscle, also in the 
anterior cutaneous branches supplying the different portions 
of the elongated niainmary glands in the female, as well as the 
skin. The jiosterior or dorsal divisions, after supplying the 
muscles connected with the spine, the saero-lumbalis and longissi- 
inns dorsi, send a braiieli between tlH*se and the latissimus dorsi 
to the skin. The anterior or ventral divisions of’ the liiinliar and 
sacral nerves sii[)ply principally the parts connected with the 
lower extremity, the bladder and recluui; the dorsal divisions of 
the second and third lumbar nerves supply tlieskin as well as the 
sacro-lumbalis and other muscles connc<rted with the dorsal parts 
of the vertebrm ; the dorsal divisions of the succeeding lumbar 
nerves are distributed to the mus<*les only ; the dorsal divisions of 
the sacral nerves suj>j>ly the muscles on that surface of the tail. 
The nerves are not very different from those in Alan, except in 
their number, and conse<jiiently in their eonjuuetion a little 
higher or lower for forming the nerves of the lower extremity. 
The anterior divisi<>ns of the three first lumbar nerves give fihi- 
ments to the psoas inuscde, and then pass forward t(» terminate in 
the abdominal muscles and skin. The f*>urth gives filaments to 
the psoas and internal iliac muscles, and sends a branch to join 
one from the thiiMl to form the external spennatu: on the external 
iliac artery, Avhi<‘li passes through the extei'ual al)dominal ring to 
the spermatic chord ; in the female this was distributed on the 
posterior division of the mammary gland ; it sends off another 
branch which gives a filament to the external iliac artery, and 
then joins the sixth ; the rest of tlie fifth j)assos down on the 
exterior of the thigh to the skin, and forms the external cutaneous 
nerve. The sixth receives a branch from . the fifth, gives fila- 
ments to the Internal iliac inus(!le; part of it is then joined by a 
large branch from the seventh to form the anterior crural nerve ; 
the other part, dYer receiving a large and small branch from the 
seventh, becomes the obturator nerve. Tlie seventh, having 
given off the preceding branches, joins tiie first and second sacrals 
and a branch of the tliird for funning the sciatic nerve. The 
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junction of the first and second sacral gives a branch to tlio pyri- 
form muscle, and a larger one to pass out at the ischiatic notch to 
supply Ae gluteal inusclcs and the tensor fasoia\ Some branches 
derived from the second and third saeiral i^crvcs coinl)inc with the 
hypogastric j)lcxus fi)r snj>|)lying the Idadder an<l rectum, and 
others from the [uidcndal nerves for the museJes connected with 
the anus and tail. A brancli of the second sacral nerve joins the 
third for forming tlie antcrioi- caudal nerve, whi(;h receives the 
jintorior trunk of each remaining spinal mu’ve, and j)asses deej) in 
the anterior part ol‘ each side of the tail, giving off branches into 
its <!Ourse; the posterior or dorsal trunks of the vsamc nerves form 
a nerve, which jdso smiJs off branches to the dorsal muscles and 
skin of the tail. 

1'he anterior crural nerve passes between fibres of the iliac 
muscle, then under Ponjiurt’s ligament at the inner side of the 
sarltniiis; it gives hram^hes to this, to the rectus fomoris, the 
exlenial and initnaial vasti, and the eruralis, and sends oft' the 
sapheniis nerve, which descends across the thigh to the iiiiun* part 
uf lhe log, c(nmiuinicates with a filament from the o))lurator, and 
is (amtlmied to the foot, giving filaments in its (Muirsc to the 
fascia and skin. The ol)tui*ator nerve, on emerging from the 
pelvis, gives branches to the pectineal nuij^cle, tlu* triceps, and 
gracilis, and sends a hraiudi to comnuniiealo with (he saphomis 
nerve; several lino braiiehes pass down oil the inner side of 
flic, tliigh for the fascia and integuments. The sciatic nerve, 
on emei'ging from the ])elvis, communi(‘ates with the internal 
pudendal; it sends a branch to the internal olunrator muscle, 
and one which gives a filament to the upper jiortion Of tlie 
g<MUcl!i, and then jiasses bclilnd the. tendon of the internal 
obturator to the lower portion of the gemelli and quadratus 
imiscles. 'Fhe selatit* passes close to the insertion of the in- 
ternal obturator iruisele, and u|)()n or behind the gemelli and 
<linidrati muscles, then behind the trochanter covered by the 
origin of tbe bicejis to which it gives a branch : it sends off a large 
branch which divides into others for the semimembranosus and 
s^eniitendinosus inuscles. About the middle of the thigh it sepa- 
rates into the posterior tihial and peroneal nerves. 

The ])osterior tihial nerve sends off a long slender branch 
wliudi descends on the posteruw part of the gastrocnemius muscle 
to the outer side of the leg, sends a branch behind the tendo 
Achillis to the ])ostorior tihial nerve, and is distributed on the 
at the outer side of the leg and heel. Tt then gives 

N 2 



ANATOMY OF VERTEBKATFS. 


IfO 

braoches to the gastrocnemius, and passes between the heads of 
this and gives branches to tlie flexor of the toes, the tibialis 
posticus and the flexor longus hallucis; it then passes kJowii the 
leg on the inner side of the tendo Achillis, and receives the 
brunch from the long slender branch sent underneath this 
tendon. It passes behind the inner condyle of the tibia, and 
divides into the inner and outer plantar nerves : the inner 
plantar gives a hraneh to the inner side of the second toe, and 
tlien communicates Avith a branch of the de(‘p jdantar, and divides 
for the outer side of the secemd and the inner side of the third ; 
it also coinnuinicates AvIth a brantdi of the deep jdantar given to 
the outer side of the third toe and tl)e inner of the foiirtb ; the 
outer plantar nerve passes betAveen the flexor tendons, and sends 
a nerve to the outer side of the foot and the last toe; it gives off 
the deep plantar, which passes underneath the short flexor of the 
toes, and divides into brandies, and gives filaments to each of the 
small muscles situated in the sole of the foot, and a branch to 
conununi(‘ate Avith one from the inner plantar nerve : it then 
divides for the outer side of the second toe ( the innermost in the 
Fox and most digitigrades) and the inner side of the third, and one 
for the outer side (n the third and the inner of llie fourth, and 
another for the outer, side of the fourth and the inner of the fiflli 
toe. The peroneal nerve gives a small branch to the biceps and 
filaments to the fascia near the knee; it then divides the anterior 
tibial nerve, sends off branches to the anterior tibial muscle, the 
long extensor of the toes, and the long peroneal, and descends 
with the anterior tibial artery, beneath the annular ligament, 
and gives brancluvs to tlie ligaments of the foot; it passes on- 
wards, and is joined by a branch from the continuation or dorsal 
branch of the peroneal, and divides for the outer side of tlio 
second and the inner side of the third toe.* 'i'he continuation oi* 
dorsal brancli of the peroneal, gives branches to the short and 
third peroneal muscles, and passes behind the long peroneal, and 
emerges between this and the long extensor of the toes ; it passes 
over the annular ligament, and sends a branch to the outer side 
of the foot and the fifth toe ; on the back of the foot it sends the 
branch to join the anterior tibial nerve ; it separates into tAvo 
branches, the first divides for the outer side of the third and the 
inner side of the fourth toes, the other for the outer side of the 
fourth and the inner side of the fifth or outermost toe. 

The chief (characters of the minutely detailed distribution ot 
the myelonal nerves of Man, in works on his anatomy, are found 
in most Quadrvmana. Swan has remarked that the saphenus 
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norve is proportionally larger in a Baboon : and be also notices 
the large size of this nerve in the Jaguar. The nerves of the 
palm are proportionally smaller in Apes than in Man, and do 
not terminate in such thick brushes of filaments at the tips of the 
fingers; but the branches from the musculo-spiral and ulnar 
nerves to the back of the hand are larger in proportion than in 
Man.* Many Quadmmana have the gaugliouon the termination 
of the spiral nerve at the back of the wrist ; but in the Felidae 
tliere is only a slight enlargement at that part of the iierVe. 

§ 212. StjmpatJudic — This, as an addition to the general 

nervous system, is a speciality of the Vertebrate subkingdom : as 
such it dawns in Myxiiioids, at the eonfluenee and intestinal 
production of the two vagal trunks, and is differentiated by pro- 
gressive steps, till it attains the general condition defined in 
vol. i. p. 318, § Cu? 

Where it begins in the series there the chief centres are after- 
wards estahlisbed, as the semilunar ganglions and solar plexus, so 
called from tlic multitudinous rays that diverge therefrom; they- 
are early and distinctly visible in the mammalian embryo. The 
ganglions <d* the sympathetic vary in the proportion of the grey 
or cellular and filameatary or tubular constituents. The cellular 
part forms a greater j)ro[>ortioti of the semilunar ganglions in 
Man -than in most lower Mammals: and it is greater in Car- 
iiirora than in hoofed (juadrupeds. The filaments radiating 
iVom the semilunar ganglions collect themselves into interlaced 
groups named after tlio viscera they mainly supjily, as, the 
' gastric,’ ‘ hepatic,’ ‘ splenic,’ ‘ mesenteric,’ ^ renal,’ ‘ spermatic,’ 
X:<\ : the chief branches of all these plexuses attach themselves 
to the arteries of the several organs : in the large gastric plexus 
(»f the Kiiminants they ai’company those to the several divisions 
ol* the <*omplex storflach. In the Carnivora branches of tbe 
superior mesenteric pass in a more definite form to the aggregate 
<*f incscnteri(*. glands at the root of the mesentery. In Perisso- 
daclyles, in which the (necum and colon are remarkable for size 
and complexity, the superior mesenteric plexus, supplying these 
parts of the large as well as the small intestines, is proportionally 
larger than in other Mammals, especially as compared with the 
inferior mc.senteric plexus in Carnivora and Quadrumana. In 

' i-iv. p. 193. Much of the foregoing description is abridged from this rich store- 
house of Comparalivo Neurology. 

’ This true idea of tlie series of ganglions and nerves, called ‘sympathetic’ in Man, 
once clearly attained, will leave little room for speculations as to whether the iier- 
V(Mis system of insects answers to the m3'elencephalic or sympathetic part, exclusively, 
ot that of Vertebrates. 
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the Baboon the circuni aiul about one foot of the colon is supplied 
by the superior mesenteric [doxus, and the remaining five feet of 
the large iiitestine by tlie inferior one- In Carnirora this sup- 
plies about the terminal half of the large intestine. In the 
baboon Swan noticed a oonmuini(‘ation between the right phrenic 
nerve and tlie semilunar ganglion.* 

The trunk, advancing or ascending IVom each semilunar gan- 
glion, is an aggregate of cords (‘ sfdanchnie nerve/ Anthropotomy), 
wliicJi, ])erforating the diaphragm, sc])arate to form communica- 
tions with a variable number of the thoracic ganglions of the 
sympathetic. In the baboon Swan traced the origins or con- 
nections of the riglit splarK^hiiic nerve with two thoracic ganglia 

in advaiicc of the left, this extending 
over the beads of five posterior ribs, 
and the other over seven, each ex- 
panding into a small ganglion at the 
bottom of the chest. In the hedge- 
hog the sphuH'lnuc nerve extends over 
the heads of the four last ribs, and, 
rec^eiving filaments from the sympa- 
tlietic, forms a plexus on tlie sides of 
the vcrtebrjc, as in the baboon; but 
separates from the trunk of the .sym- 
pathetic liighcr in the chest. In the 
jaguar this separation occurs a little 
above the diaphragm: in the hog at 
the passage through the dia|)hragm. 
But ‘ these variations do not seem to 
make any difference either in tlie for- 
mation of the semilunar ofarmlion, or 

ora ' 

the branches preceding from tliem,’^ 
Kiillikcr has given the subjoined 
view, fig. 137, of the communication 
of the splancbnic, *S///, with the myclon 
by the ‘ rami comrminicantes ’ Ke^ y/c, 
and with the ganglion of the sympathetic, a, from which it derives 
its grey fibres. From the trunk of the sympathetic TV and the 
ganglion the nerve .v to the intercostal artery is sent off. 

In Mammids the |)aris regarded as ‘ trunks/ or ^ main chords'^ 
of the sym|)athetic, form a symmetrical jiair extending along tlie 
sides of the centrums, forward to the baaioccipital, and backward 

‘ uv. p. 115. * Ih. 

3 * Prolongaiioti^/'SwAN. i.iv. passim. 
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to the coccyx : anteriorly, or al)ove, they pass to ganglioT]i|i ami 
plexuses, within, or i38 


about, the cranial 
cavity ; Ixjlow or 
beliiml, they con- 
verge ami unite, 
goTierally, in a ter- 
minal ‘ coccygeal ’ 
ganglion. In their 
course the cords 
cross, vcntrally, the 
issuing trunks of 
the spinal nerves, 
with which they are 
connected by short 
threads, ineluding 
m-ev and w hite fila- 



ments, and there 


i of sIxHi uIIJj hrnurh ti> 

s> »0| tUHrJjr. I.XXVIV. 


usually sw’elliiig into ganglions. The grey or gelatinous thread 
is most prolmbly a coutributiou from the ganglion to tlie inyelonal 
nerve, the white thread is sent 


fi’om the nerve to the syiu])a- 
tlurtic ganglion : it consists of 
tul)ular nerve-fibres,aml these 
predominate in the ^ rami 
communicantes’ of the rabbit 
and cat.^ Lhxlcr a power of 
sixty diam. after addition of 
dilute solutlcm of soda Drum- 
mond fiuiiul siudi fibres con- 
tinued mainly from the myc- 
lonal end or origin, fig. 138, 
0, of an intercostal nerve, and 
converging to form the eoin- 
inunicating branch, RO, with 
the symi)athetic ganglion. A 
few filaments, «, «, disappear 
aimmg those of the intercostal 
nerve rather in the direction 
e( its outward course. Traced 
to the sympathetic ganglion, 
in fig. 139, they diverge, 



>nrili Umnu lr frAn^lInn, wlthr<Mrn>r of flbres rerefred 
liy the eouinMiiih'atiiigr hratjeh, t', fn>in the iiiyeh>n. 

(MnK> TOtUiini.) I.XXVII '. 
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spreading over its cellular part <7, most of them passing either 
forward at />, or backward at a, and thus adding to the substance 
of the main trunk, A, 

Tliese ganglionic enlargements are more distinct from, and 
pro})ortionally larger than, the cords in Man and Unguiculates, 
than in Ungulates and some lower IMammals. There is also some 
difference in the character of tlie cords themselves. In the 
Quadrtnnana and Carnicora^ dissected by Swan, as well as in 
the hedgehog and rabhit, the cord was * thick and narrow ’ as 
in Man : i^ the aSwS, calf, and goat it was broad and flat, 

and composed of parallel threads communicating with each other. 
In the ass it continues of almost the same breadth nearly through- 
out the thorax. ^ In the calf, after the thoracic plexus is given 
off‘, it becomes narrower ; it then, in descending, gradually gets 
broader after its comimnucatiou with each intercostal nerve, and 
appears rather to have had a branch added to it by, tlian to have 
given one to, each nerve.’* Tlie thoracic portion of the sympa- 
thetic supplies nearly the same jiarts as in Man. In the jaguar, 
l)rauc}ies IVom several of the thoracic ganglia of the right side 
unite and communicate with the right posterior jmlmonary jdexus, 
and then cross the spine to communicate with the loft |)Ostei’ior 
pulmonary plexus. In the calf, a similar plexus gives off tl»e 
more inferior cardiac nerves to the left auricle and ventricle: it 
proceeds from four or five of tl)c thoracic ganglia of the right 
side, and communicates with the vagal nerve: l)raneh'es extend 
across the spine behind the gullet, and eonimuulcate with some 
from a similar plexus on the left side. The first or anterior 
thoracic ganglion is commonly notable fl>r its size, and sends otf 
filaments of communication with the vagal, recurrent, and phrenic 
nerves. The cord between the first thoracic and last cervical 
ganglion is short, and usually divided, or traversed, by the ^sub- 
clavian’ or Miiink of the brachial’ artery. In Man the two 
ganglions seoni to blend into one. The loAver cervical is always 
a notable ganglion : the inferior cardiac nerves proceed from it. 
The sympathetic trunk divides and passes forwanl along the neck : 
the smaller portion, along the vertebrarterial canal, answers to 
the cervical part of the trunk in birds: the larger portion extends 
in close connection with the trunk of the vagus, and ‘ in the 
calf it has «^oTnetinu:s very small ganglia’ imbedded in it, 
which give filaments to accompany the small arteries.’^ In the 
hedgehog and rabbit this connection between the sympathetic 
and vagus is less intimate. In this part of the sympathetic there 
* uv. p. nry. « Ib, p 113 . 



NERVES OP MAMMALIA. 


185 


is an anterior or superior cervical ganglion as well as the inferior 
one ; but, in Man, a small ^ inkldle cervical ’ is added. In the 
vertcbrartenal tract communications are made with the successive 
s])inal nerves, as in the thorax, but Avithout the ganglioiiki 
enlargements, at least so conspicuous. This seems to be more 
truly the forward continuation of the trunk tlian the cord con- 
nected Avith tlie vagus. 

in the hog branches from the superior cervical pass forward to 
tlie second division of the fifth and to the sixth nerve: ^ there is 
not a distinct vidian nerve passing in a canal of bone# as in the 
calf and ass; but the branch most resembling it can be traced 
on the second trunk of the fifth to the place Avherc the palatine 
and lateral nasal iKirves proceed.’' In the sheep tAvo small jwd 
two larger iilaineiits ascend from the superior cervical ganglion 
and form a plexus, from Avhich the vidian nerve passes to the 
lateral nasal and two branches to the gasserian ganglion. In 
tli(‘ ass the su]>crior cervical ganglion has a more elongate form, 
mid s(mds liranchos AvhicJi form a plexus round the entocarotid : 
some filaments, joining othe?*s from the glossopharyngeal; supply 
the lining membrane of the lympanum. The chief offsets coin- 
rminiiaito Avith the second division of the fifth, the sixtli, and 
facial nerves; tlic vidian passes forAvard at the inner side of the 
eustachian tulie, traverses its bony canal, and joins tlie branch 
from the second trunk of the fifth, which diA’idcs into the lateral 
iifisal and palatine, but there is no * sphonojialatine ganglion ’ at 
the junction. The cliief plexuses in the ce|>halie part of the 
sympathetic are the onto- ami ecto-oarotid and the cavernous. 
These arc more directly derived from the superior cervical gan- 
glion. "J'hc plexus about the vert(?bra1 artery formed by the 
accompanying portion of the sympathetic is continued to the 
hasilar artery and its cerebral lirauches. From the lower part 
of the superior cervical ganglion the sujierior or long cardiac 
nerve is sent off: also nerves to the common carotid, the |)haryn- 
geal plexus, and to communicate with the vagus, spinal accessory, 
ninth, and suboccipital nerves. Swan remarks that the sujicrior 
cervical ganglion, ‘in many’ (mammalian) ‘ instances corresponds 
in hearing a proportionate size to that of the second trunk of the 
fiftli.’' The great(!St proportion of the sympathetic contiruied 
from that ganglion, passeil to the front of the gasserian, giving 
nff the first and second trunks of the fifth, lie failed to find a 
distinct spheno])aIatine ganglion in the monkey and baboon. 

‘ In the baboon and ass the tlirec first lumbar gaiioiia of the 

c? CT 

^ ijv. i». 1 1 a. * Ib. p. 1 10. 



186 


ANATOMY OF VERTEBRATES. 


sympathetic soiul braiiclios to the semilunar ganglion, to the 
renal, spermatic, ami aortic plexuses.’* The uterine nerves are 
derived from the hypogastric i)Iexuses; they accompany the ves- 
sels along the broad ligameuts ; most se[)aratc Ihercfrom before 
reaching the uterus : otliers retainiug a plexiform arrai\gement 
about the vessels, show minute ganglia in their course, fig. 140. 
In long-tailetl Alanmials the syinpatbctl<’ is continued beyond tbe 

azygous ganglion on the eiuidal artery, 
sometimes as a pair of (*ords ( jaguar).'^ 
In all Mammals exanimed to this eml 
filaments of the sym}>athetic have been 
traced, \vith those of the third and fifth, 
to the ophthalmic ganglion, sending olf 
thociliary nerves; andthegenoral result 
o(* this branch ol‘ Comparative Neuro- 
logy tends to establish the conclusion 
that every myclcncephalic nerve con- 
fains some pn»portion of filaments from 
the sympathetic, \vhilst every sympa- 
thetic ganglion, reciprocally, receives 
soine filaments from the myelencepbalic 
system. Hiesc, liowever, are so mo- 
difie<l as to l)c unerjual to the trans- 
jnission of volitional Inflnencc to the 
organs mainly snp]>lic?d from the sym- 
pathetic ganglions: l)ut they may be 
the media oi* conveying thereto invo- 
luntary inlluence and the stinuiliKS of 
vu>lent emotions : rtnd, conversely, they 
may convey the sensations of pain from 
the irritated ganglion to the encepha- 
hm. The symj>atlietic system mainly 
goviferns nutritive and secrefivcj [»roccsses and involuntary move- 
ments; it.infiuences tbe contractile power of bloodvessels, "the 
coats of which, in all Mammals, show a con.si<lerable plexiform 
supjdy from the sym|iMthetic system. 

§ 213. Orf/an.s of Toitoh . — In considering such parts in Mam- 
malia, the sensibility of their highly organised integument, exem- 
plified by its agitation in the h(»rse on the contact of a fly, must 
^be distinguislied from the special adaptations of parts or appen- 
dages of the skin for j)nrposes of tactile exploration. Increased 
supply of bloodvessels and nerves to a part of the tegument 
* Liv. p. 117. * II). p. 117. 
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Avhich is tliin, soft, or papillose, exalts its sensibility ; as, for 
example, in the lips, at the cud of a teat, of a clitoris or })enis, 
and to a d(^grec, in the latter instances, approaching the cha- 
racter of a .sj>et?ial sensation. In land-inaininals the liair is not 
developed on the more sensitive surfaces, and the skin there is 
(H)inmonly tliinnest. Man exemplifies the rnaxlmnm of dermal 
sensibility tbrougb the comparative tliinness ajid general naked- 
ness of his integument. Thai wliicb covers the broad tips of the 
fingers is unnsiially vascular,, and richly supplied Avitli penicellate 
plexuses of nerves: iho filaments to the jiapilhc seem totonninate 
in comlensfMl corpuscles of cellular tissue, certainly continuons 
with the terminal neurilemma — the 'corpnscnla taetus’ or ‘ axile’ 
cor[)iisclos, occupying, each, the centre of a pajnlla. The 
digital paplllic average in Man f,y^,th of an inch in length, with 
a basal diameter of th of an inch; they arc conical with a 
roun<le<l apex. Kach is supplied by a branch from the arterial 
plexus of the cutis: tlio^y <lo not project, like tlie lingual jiapilla?, 
Ix'ynnd the epithelial level. Tactile papilla,', usually of a larger 
or coarser kind, are d(;veIo|)C<l on the digital integument in QuiuJ^ 
rumann^ and on the naked surface of the skin®of the prehensile 
t;iil {Afel(\^)\ also on the naked terminal integument (d* the nose 
of quadrupeds, esjiecially when, as in tlie pig, mole, and shrew", 
it is [irpduccd as an exploratory ^ snout,’ fig. 297, or forms, as 
ill tafiirs and okqhants, a ^ proboscis.’ Certain of the jiapillai 
of the prominences commonly so called, fig. 149, on the surface 
of the tongue are tactile, hut w"licther also gustatory, or distinct 
from those that taste, is undetermined. The marginal integument 
of the upper and lower mandible of the Oniithorhi/nrhus is 
eminently tactile. 

Certain hairs acquire a size, length, firmness, and such a con- 
nection of tlieir sclerous basal capsule ami bulb with sensory 
nerve-filaments, as to receive very delicate impressions by contact 
with extraneous objects or impulse: they arc tennod ‘ vihrfssai ’ 
or tvhiskers. The Imlh and capsule* of the whisker is sunk deep 
into the substance of tlie derm, and is imdosed in a sclerous ca])- 
sule,^ which in the walrus^ shows an almost cartilaginous hard- 
ness. The bristles, in that marine carnivore, have the firmness 
of horn, and act as a staff’, in a way analogous to that held and 
ap[»lied by the hand of the blind man,^ The varieties in the 

' XX. vol. iii. (18.35), pi. xliii.. fig 7,/, * internal theca.’ 

* Il>. €,* external theen.’ » Ib. fig. 10 . 

I he annlngy of this action in ncpiatic mammals to the impre^si^s conveyed l)y 
vibrations continued from the surroiiiiding medium along rhe gelatinous eonicnts of 
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cliaracter of vibrissa) are, in like manner, adapted to receive and 
communicate the impressions aftecting particular species, or 
special localities — eyebrows, cheeks, lips — where thej' may be de- 
veloped. AVhiskers are long and fine in the crepuscular cats;- 
still longer in the nocturnal aye-aye. 

The corpuscular thickenings of the neurilemma with the soft 
centre to wdiich the terminal nerve-filament may be traced 
(" Pacinian bodies,’ vol. i. p. 324, figs. 213, 214) are related to 
the present simplest and most diffused kind of sensation. The 
degree in which any given part of integument can discriminate 
two distinct contacts is shown by the intermediate distance at 
which they begin to be felt as a single i^lprc^ssion. Obtuse 
points of a pair of compasses, c. g. applied, to the skin, witli suc- 
cessive degrees of approximation until they feel as one jjoinf, 
have shown the different discriminating power of different paTts 
of the surface of the human body, which, in the main, is expressive 
of the degrees of general sensibility of such parts. The following 
are instances iii the decreasing ratio of acuteness of feeling or 
discriminating power: — tij) of the tongue, palmar surface of (ter- 
minal joint of fing^er, red surface of li}), tip of nose, j)Mlm ^)f ltand>, 
skin of cheek, sole of foot (parts of), buttocks and adjoining part 
of thiglis, loins, back.* 

As the seats of special sense are almost devoid of CQprmiorf sen- 
sation, so surfaces with peculiar kinds of tlie latter, a^tVe teat, 
penis, or the skin of the axilla, palm and sole susceptible of the 
sensation called " tickling,’ luive low degrees of tactile discrimina- 
tion, For the jdnmomeTia and relations of the sense of tempera- 
ture, see lxvih". ‘ “ 

The horn-cased feet of the Ungulates, devoid of prehensile 
power, need no nicety of touch ; but they have a sensitiveness by 
v'hich the degrees of firmness of soil, e. g., may be apjircciated ; 
and this is due to the disposition of a highly vjisciilar and nervous 
stratum into fine and long villi on the sole, and into numerous 
close-set lamcllje, fig. 17,^ 17, which, interdigitating with soft 
liorny lamella) in the inner surface of tlie wall of the lioof, relate, 
at the same time, to its renewal and firm attachment to the ter- 
minal plialanx. 

In Cetacea the ]>criphej‘al surface of the derm is produced into 
fine and long papillic, highly vascular, and connectcti with nerve- 

th€ hibcfi whose buritd base rcadv(?s the sensitive nerve, in certain Fishes (vol.i 
p. 32 iS), was firj^ppreciated by Hunter, xx. vol. iii, p. r>5. 

1 For further details and gradations sto r.xvni". vol. ii. p. 516, and i.xix". 

^ XX. vol. iii. p. 58, preps, nos. 1410-1413. 
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filaments from the siibdernuil plexus. IIuntek placed his demon- 
strations of this structure in the scries of tactile organs, and 
remarks: — ‘ These villi arc soft and pliable, they float in water, 
anil each is longer or shorter according to the size of the 
animal. In the Spern\aceti Whale they are about a quarter of an 
inch long; in the (rrainpus, Bottle-nose, much shorter; in all 
they are extremely vascular; ’ they are sheathed in corresponding 
hollows of the epiderin.’ 

The naked skin in Cetacea is even, smooth, and polished, in 
most instances : the numerous longitudinal plaits along the under 
and forepart the body in fin-whales {Balmioptcra, fig. 217, c), 
would allow of transverse expansion; yet the thorax wliich they 
cover needs not such provision. It is peculiar to the swifter- 
swirtmnng wdiales that pursue mackerel and herring, and may 
serve to warn them of shoals, by a])prcciati()n of an imjiulsc of 
the water relxmnding therefrom, and so conveying a sense of the 
propinquity ot sunken rocks or sand-banks. Sensitiveness to 
movements of the ambient ocean is indicated by certain observed 
[)henomena. Thus whale-fishers aver that when a straggler is 
attacked its fellows will bear down trom some miles' distance, as 
if to its assistance ; and it may be that thoy arc attracted by per- 
cej)tion of the vibration of the water caused by tlie struggles of the 
harpooned whale or cac’halot. Jiiit, in the main, tactile or discrimi- 
native sensibility is very low in the Cetacean order. The thick 
hard and' short vibrissie on the lips of Sirenia, appear to relate 
rather to prehension tlian exploration of food. 

The extent of snrfaot* and delicate organisation of the parts of 
the skin joining the wings and car-coiudis of those of tlie Bat- 
tribe that pursue volant insects (vol, ii, fig. 15G), and the an- 
tennal nose-lea veS' of many species (Klnnolophulcc)^ relate to the 
])crcei)tion oT atmospheric impulses rebounding from surfaces near 
which the Bat ajiproaclies iu flight. Thus, when deprived of 
sight, and with the ears and nostrils plugged up, as in SitSllau- 
zani’s questionable experiments, he avers that the Bat was capable 
of directing its flight Avith the same security and accuracy as 
before, guiding its course through passages just large enough to 
admit it without coming into contact Avith the shies, and even 
avoiding numerous small threads Avhioh were stretched across the 
room in various directions, the Avings never touching any of them. 
The delicate sensibility of the membranous integument meets all 
the conditions of tlie crepuscular or nocturnal flying of the bat, 
Avithout involving a new and peculiar ‘ sixth sensei' as deduced 

* XX. vol. iii. i). 57, nos. 1403-1405. 
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by the narrator of the above experiments. Inke ilic anteniue of 
some inseets, tlie ear- and iKKse-leaves of some Hals have, rapid 
vibratile m()^ eineMts: siieh, at least, have been observed in eaptive 
si)eciinens, each pinna moving inde[)endently of the rdher : > it 
looked as If he were feeling for sound and smell.’* The nasal 
leaf is livid or tlesh-eolonred in lihiiiolnjthnii. In tlie bats of 
pavssive food, siieh as the Vampires {Desmoili) tliat are attracted 
by scent in a direct tlight to the large living laxly they suck, and, 
when gorged, Hit lazily back to drowse away a long digestion in 
their murky retreats ; or smdi as the lloussettes ( Ptcropi) that wing 
.their way to fruit trees, and, after feeding, suspend tluanselves in 
sleep to the hranches ; the auricular and nasal tegumentary 
appendages are small and siinple : sucli sensitive tactile guides 
or warnors in Hight are only needed in the hats of active food, 

1 1 1 which must I’nllow in swift evo- 

lutions, like the swallows, but 
in gloom, the volatile insects 
that people the summer air at 
dawn or dusk, 

§ 214. Onjdu of fasfe, — 4’he 
tongue attains in mammals its 
lull devfdopinent as an organ 
(»f taste; and, as res|)ccts the 
extent and oiganisation of the 
gustatn e surface, in the highest 
degree in INlan, fig. 141. The 
chief di St i motion of this from a 
tactile siirfa<*e is tliat the sensi- 
live ]>apillie are on processes 
rising alM)ve the epitlielial level, 
said processes being com- 
monly called ‘ jiajiillie.’ As we 
descend in the mammalian series 
the meidianieal oHices of the 
longue predominate over tlie 
sensitivii ones. In the CiiraHe, 
Pangolins, A nteaters, and 
iiuiriftii toMvm, Keludmi, its luost obvious office 

is that of prehension ; and in the 
Omitliorhynchus it snpjiorts teeth, horny like those of the jaws, and 
It has mechanical nK)difi<‘atimis in relation to the cheek pouches. 
In all Mammals the dorsum of the tongue is more or less pa]nl- 

j LXXIX -. ]». 65. 
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lose, and in most the pupil kn offer tlie three conditions called 
‘ conical,’ Kg. 150, ^ fungiform,’ fig. 149, and ' fossuliite,’ Kg. 148, /; 

The tongue is well developed and freely movable in all 
Marsupials, and the epithelium covering the conical papilhe is 
rarely condensed into s|)ines. fn the carnivorous species, as the 
Dasytiri^ the conical pa|nlliB are minute and soft, but directed 
backward, so as to give a slight roughness to the tongue when 
stroked in tlio opposite direction : nmlcr a lens they upfiear like 
fine shagreen. Near the base of the tongue in Dasyurm viver- 
rbim there ani three fossnlate papilhe, in triangle, with tJic a])0X 
toward the cjiiglottis. A small fibrous or sclerous rudiment of the 
‘ glosso-hyal,’ call(‘<l Mvorm,’ or lytta^ lies lengthwise beneath the 
tip ol’ the tongue. In the Peramelcs, besides the minute and gene- 
rally diffused simph* jiapilhe, tlicrc are fuugirorm ones, of larger 
size, jrlaccd at distaiu'cs of nearly a line apart, and raised about a 
third of a line above the surface of 'the dorsum. The fossnlate 
])apilhe corresptmd in luimher and arrangement with tliose of the 
Dasyuros, but the entire tongue is relatively longer and more 
slender, espe<*iully in layotis. In some species of Opossum, as 
J)i(M/)/tys Plulutuhr^ the margin of* the tongue is fringed with a 
scri(^s of fine long papilhe. In Dif/t.lpitis virf/inhuxi the conical 
jiapilhe of the tore part of the dorsum are rctroverted and sheathed 
with hard epithelium. In tlie Phalangers there is a tljickeuing at 
tlio edge of the frienum lingiuc, but no true lytta; the dorsal 
jaipilhc resemble those of th(i Dasyures, l)ut are somewhat more 
obtuse. In the Kangaroo there is a callous ridge along the 
middle of the undei* surface of the free extremity of the tongue, 
and a c<)rresponding Hutow along the tlorsum ; the latter is 
commori to all the MarsiH)ials. In the \V omhat and Koala the 
dorsum of the longue rises somewhat abruptly fiom a furrow 
surrounding its base ; its form is narrow, moderately deep, dimi- 
nishing in this respect to the tip, which is rounded. In both the 
Kangaroo and Koala there is a single large fossnlate papilla hear 
tlie base of tlie tongue. In Dendrolayns tliere are three such, 
arranged in a triangle witli the apex turned forward. 

Most llodcntia xshow two well-marke<l divisions of their usually 
deep and compressed tongue; an anterior, which from its vascular 
and papilloxse surKu'c is tlie main seat of taste, and a [iosterior or 
intervuolar tract, which riscvS somewhat abrujitly above the level 
of the [ircccding and brings the food to that of the triturating 
surface of the molars. 

The tongue seems to fill tlie iiuiTow mouth of* Rodents more 
ooinpactly than usual, commonly bearing the impix\SxS of the 



192 


ANATOMY OF VERTEBRATES. 


palatal furrows on its dorsum and of the grinding teeth oit 
sides: the free apex is short and usually obtuse, seldom if ever 
protruded beyond the scali>rifonn incisors. In tlie coii)ii {Myo- 
potamiis)\t is acuminat(3 and covered with suiall retro verted shining 
velvety papilhe ; the free part is three quarters of an inoli in 
extent: tlie basal portion of tlie dorsum is less abruptly elevated 
than usual : it has but two fossulate papillie, as in the eapybara 
and Leporiice. The squirrels and most other Kodents have three 
fossulate papilhe forming a triangle, but in marmots they range 
almost in a line. In Caproinys the apex is rounded, free for half 
an inch, and impressed hy small folHeular apertures : tlie ooiiieal 
papilla3 are minute, but near the base beeomo larger and retro- 
verted: here numerous delicate lines converge toward the epi- 
glottis : the iuterrnolar j)art of the dorsum is less elevated. 
The Agoutis { Dasijprovta) differ from the (.'avics, Beavers, and 
Hares, in the gradual elevation of the intennolar part of the 
dorsum: t}»e apex is subaeumliiate, minutely pa|villose above, 
with a mididlc longitudinal furrow: at the root are many elon- 
gated processes covered by a thiekisli epithelium. In tlie beaver 
the membrane on the sid(^s of the tongue descends a very little 
way, and is reflected upon the inside of the checks, in advance of 
the molar teeth. In the porcupine ( Jb/striv) one sees a scries ol‘ 
scale-like or wedge-shaped processes, with the free margin divided 
into two or three points, on each side of the tongue. 

In Lisectivora tlie t<nigiie offers little worthy of notice : npsthave 
three basal fossulate papillie, in triangle with retroverted apex. 
Tnpaia shows a long frienum continued to near the apex, and 
having, cm either side, a tliickish fimliriato fold. In Vesprrtllio 
mnrhiufi, among the liats, tlie jmpilla? at the fore part of the tongue 
have a firm epitlieliuni ; 'some soft obtuse fungiform papillae show 
a serial arrangement: two fossulate jiapilhe are near the base, 
in Phyllonycteris Poeyt the papilla) are retrfivortcd and espe- 
cially long. and setose on the edges cjf tlie tip; which is narrowed 
and canaliculate. In Artiheua the fore part of the tongue is 
roughened by very short jiapillas those behind are larger. In 
Monophyllus the a[)ical papillie arc so long as to give a pcnnicellate 
character to the tip of the tongue, but tliis relates rather to its 
prehensile function, as in probing night-blowing flowers for 
minute insects. 1 he same brush-like character is observable in 
the conical papillie of tnany other Bats : in the Vampires (JOr.?- 
modus) such modification is subservient to suction. In some 
kinds of Pteropus the conical papilla have a hard epithelium 
and terminate in many points: 'the fossulate papillce at the base 
arc three in number in this genus. 
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The contrast in extensibility of t<ongiie is very great in the 
Lis>senceplial()iis group, as, e. g., between the Rodmtia and 
llrutxu Viewed as orders, the first offer tlie least, the latter the 
greatest, power of protrusion and mobility of the lingual organ 
in the whole Mammalian class iv^but the unimportance of this 
character as telling against affinity is shown by a similar contrast 
between the Iavo representatives of the Monotrematous order, 
Ornithorhf/nvhus and Echidna. The characteristics of the tongue 
in linita are due to the development of its motory rather than 
its sensory attributes, arc attended Avitli increase of the hypo- 
glossal more than of the glosso|)haryngeal or trigeminal nerves, 
and relate to the accpiisition rather than to tlic discrimination of 
alnnontary matters, in the family {Lonrata) «>f the order in- 
cluding the *mosi promiscuons feeders, the tongue is better 
endoAved Avith the pOAver of testing the saj)ld fpialities of the 
miscellaneous organic substances in tl)e rubbish of the forests 
among Avlvich the Armadillos arc habitually poking their pig- 
like siunits. Relegating, therefijre, the notice of the tongue ul‘ 
tli(j ])iircly phylloj)hagous and niyrmeco])1iagous BruUi to a 
future chapter, 1 shall here merely state that, in the Armadillo, 
tlie tongue tapers to the free end, has a convex dorsum, trans- 
versely Avrinkled and finely papillose: at about an incli from the 
root, in Dnai/ims Pcha^ there arc two fossulate paj)ilhL> ' on the 
same transverse line, l)ohind Avhi(di a medial furrow extends to 
the. epiglottis. 

The tongue has hut little mobility and a small extent of free 
margin in any Cetacean. In the Por|K)ise the tip is fringed by 
obtuse processes of varying length, but all short, fig. 296, A, the 
dorsum is flat, devoid of papillous processes, and smoothly covered 
by a icvcl of thick cjutlielium. In the Grampus a similar fringe 
extends some Avav back on each lateral margin of the tongue. 
Anteriorly these margins are made irregular, in the Cachalots, 
by fissures and Avarty prominences. The Whales have not the 
binged or vcrnieose marginal structure. The tongue in them is 
oliiefly remarkable for its huge size even relatively to the body ; 
and this is mainly in breadth and depth, AVhen sAAollen by 
l»utr(dactioii tlie fore part may be protruded a little way as in 
fig. 217. The dorsum, devoid of papilhc, has its membrane thrown 


' Daubenton states that he saw not any papilUe even with a strong magnifier, cxxii', 
X. p. 242 ; anti Oe Blainvillo appears to have been letl by this statement (o uftirni 
the ‘ glands ealycinalcs dcs Edentt's/ that ‘ qiieltpicfois ellcs sont nullc?,’- i-xxx", 
1>. 2;jr>,— of which, however, I have seen no instance, 

VOL. nr. o 
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into muneroiis minute wavy or subparallel folds. Tlie root of 
the tongue, in Hyperoodon, shows many pores of glandular 
follicles, anterior to which are four large fossulatc papillas, with 
a few obtuse conical papillie at the sides: a similar structure 
here occurs in tlie tongue of tlu^Cachalot, which Hunter 'compares 
to ‘ a feather bed : ’ but the coinpaa’ison is more applicable to that 
in the Avhalc-bone Whales : for the tongue is firmer and more 
muscular in the Cachalot and other toothed Cetacea ^Wiixn iii those 
with baleen. .Most Cetacea offer a marked contrast to the other 
Mammals in having the skin of the tongue separated from the 
llesh by a layer of blubber. As a rule, in Mammalia, the vas- 
cular ami sensitive lingual membrane adheres as closely to the 
imiscular tissue as does the very similar skin of the snail : its 
sanguine tint in Ibihcnhhe is not obscured by pigment: but in 
Siune DelphhiUUv this is |)rescnt of a leaden eolour. 

In Slnnin the lip of the tongiu*, fig. 142, projects a little 

more freelv, but docs not 


142 



roach the fore ]>art of the 
inuiith : the tongue is nar- 
rower in proportion to its 
length ; but is chiefly re- 
markable lor the excess of 
development ol* the cpithe- 
Jium. In the Dngong this 
covering of the conical pa- 




pillie at the fore j)art of the 


<lorsuin gives it the appear- 
anoe of being l)o.set with s]>ines. A large, but short thick, retro- 
verted horny process projects from each side of the base of the 


tongue, il). /;,/>». Tlie conical papillae in iMauatus have a less firm 
cpitlieliuni, and are longer and finer than in the Dugong; they 
are limited to the apex and part of the dorsum. The fossulatc 


papillm arc nninerons, extending <ni each side the ilorsurn from 
the anterior fliiril to near the base of the tongue. The lingual 
epithelium appears to have reached the maxunnm of dcvcloj)- 


ment in tlie now extinct horcai Manatee {Uhytina Stelleri). 

The tongue of the lilcphatil is tied down, as in the Cetacea, and 
a part of the dorsum is made by muscular action to represent the 
tip >vhcn it projects: in relative size to the head it offers the ex- 


treme contrast to the tongue of the Whale: it is not x>nly short, 
but narrow, and represents, apparently, the intermolar part of the 
tongue in Jlodenis. It is, however, eminently gustativc: the 
membrane is highly vascular, with very numerous minute and 
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rathei* obtuse conical papillae, and a few large fossulate ones near 
the base. 

In the Rhinoceros the tongue is broad and flat, a little ex- 
j)anded anteriorly, and becoming narroAver and deeper as it passes 
backward : there is a small protulicrancc on the dorsum, bebvecn 
the posterior grinders, divided by a median furrow : the large 
fossulate papilla) are principally collected, in a group of ten or 
twelve, on each of these risings ; the fine close-set pointed ])apilla3 
(»n the fore part of the tongue resemble short hairs ; behind these 
papilhc the ei)ithelium is condensed into a thick callous stratum, 
and becomes thinner at the posterior glandular pari of the tongue. 
There is a Mytta’ beneath the anterior flattened freely projecting 
pai't or tip of the tongue.* The liorse has a relatively longci' and 
narrower tongue, Avith a greater extent of free-tip, with much and 
various motion and prehensile poAver : the base of the tongue is 
steadied and the origin of the ‘ lingualcs’ extended hy the glosso- 
hyal (vol. ii. fig. 305 , Vi, ////)• the surface of tbe dorsum is 
smooth and firm, the conical papilhe being mi)mte and closc-sct ; 
iliero arc a few fungiform papilla) along the sides, and three large 
fossulate ones at the base; the free ends of the former kind arc 
sulMlivided or pai)illo,se. The tongue of the riipi)(:)potamu8 is 
reniarkahle for its terminal expansion and flatness : it is slightly 
aotehed at the middle of the broad tip : the conical papilla) are 
numerous and small; the prominent part of its large fossulate 
papilla) are cleft into smaller ones. In the Hog the edges of the 
Ibi e half of tlio tongue arc fimbriate ; near the base are tAvo 
fo'^sulatc pajulla) ; boliind Avhich arc niuncrous coarse rctroverted 
conical papillic, subserving deglutition. The lingual margins are 
not fiinbriatc, in : the fossulate papilla) are two, as 

in aS'w.s’, and the anterior two-thirds of the dorsum are beset Avith 
firm gustativc papilhe.'^ Numerous small conical papilla) give a 
villous eharaeler to the dorsum of the free fore-part of the tongue 
of the Camel ; among Avhich larger obtuse fungifonn ptipilke arc 
^lisperscd here and there; mostly at the under side near the 
nnirgiu: the dorsum rises at tlic intermolar region, the conical 
l)aj)illa) increase in size, and very large fossulate papilla arc placed 
in a row on each side : the mid-pronuncnce is here, also, subdi- 
vided ; and the secondary pa])ilhe usually surround a secondary 
fossa, fig, 143, /j, Tbe tongue of the Llama is similarly divided into 
a free, gustative, and prehensile part, and a deeper intermolar 
nnisticatory and deglutitional part. The conical or filiform pa- 
inllii) are most delicate anH minute, extending over the dorsum of 
* v". p. 39. - txxxix". p. 64. 
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the anterior (livisioii, and upon the sides of the fore part of the 
posterior ouc. A shallow longitudinal channel impresses the 
middle of the dorsum of the free part. The fungiform papilhe are 
143 scattered along its margins, 

being largest at their under 
pirt, and here also ap])ear 
ill a distinct longitudinal 
group at the middle in ad- 
vance of the fneiium. The 
(*allous processes and fossn- 
latc papillae in tlh? interinolar 
part resemble those in the 

1 11 



l. xxi *. 

Camel. I u true Uiuuinants the conical 
papilla; in the fore jiart of the tongue 
are elongate, retroverted, and sheathed 
by an epithelium harder .tlian in the 
Camdtda*: the fungiform jiapilla;, anti 
the large irregular callous projections 
on the interinolar part are repeated : 
the fossulate pajiilhe arc usually 
rounded and less in size. In some 
riulninants, c. g. Aurochs ( Bison euro- 
pms)y the tongue is of a deep leaden 
colour. The inu-cular, vascular, and 
nervous structures of. tiie long, pre- 
hensile tongue of the Giraffe, %. 144, 
are described in detail in xcvii' (jip. 
221-224): and in relation to the giis- 
tative function it need only here be 
noted that the opithelium is thickest 
at the apex, on the ujiper .surface of 
which it sheathes the conical papilhe. 



Ti.ijKuc *}t liu; OjruiTu. xcvii'. 


OKGAN OF TASTE IN MAMMALIA. 


107 


find forms minute rctrovertccl spines, which occasion the rasp- 
like roughness which is felt in tlie tongue of the living ani- 
mal. The upper superficial layer of the lingiialis, which acts 
more directly on these papIlUe, and is by some called * noto- 
glossus,’ is conspicuously diflfeventiated from the main mass at 
this part ol* the tongue. The dce])er transverse fibres decus- 
sate with those of tlie opposite side, the ^septum albescens’ 
being but partially present in the tongue of llurninants. In the 
Giraffe a dark leaden-coloured pigment is developed beneath 
the epithelium, covering the anterior half of the tongue, in rela- 
tion, j)erliap.s, to its fVequent exposure, under a tropical sun, in 
the ju’chensioii of the leafy food: the ])ignieiit assumes a black 
colour over the jn'omlnent round fungiform papillie, wdiich are 
somewhat s|)aringly s<’attered, like coarse grains of gun})Ovvdei’, 
over the dai k-coloured portion of the tongue ; from fifteen to 
twenty tV)ssu1ato ])apillie arc arranged in an irregular longitudinal 
row oil eacli side of the raisiMl iiitermolar part of the tongue. As 
the organ is inairdy a firehcnsilc one, its structures thereto adapt- 
ing it will he described in connection with the prejiaratory in- 
strinnciits of digestion. 

In most Carnivora the septum is complete, and tlie fibrin 
fransversa? ’ are fiiiidy attached to it, instead of decussating. The 
lower inai'gin of the septum is thickened, and in many species 
includes the long cylindrical fibrous body, representing the 
‘ glosso-hyal,’ called ‘ lytta,’ and in Dogs, whore it attains its 
largest size, ‘ the worm.’* It may help by its elasticity, and that 
<»rits slieath, in the act of lapjiing. Iii the Seals tlie apex of tlie 
tongue is hilid and fringed witli delicate papillie; they are less 
marked on the iii)per llattenod surface: towards tlie base are the 
‘ fossidiite papilla',’ behind wliioh the lingual membrane is puckered 
into ruga) ami beset with numerous follicles. In the Boars 
the apex of the tongue is entire, expanded, and impressed abovo 
by a medial longitucliiial groove: the conical jiapil he are minute 
ami closc-sct, with soft epithelium: those at the under part of the 
margins ui'c coarser. In Subursifs Thihvtanus Avith the simple 
papilla) are intermixed small Avhite petiolatc papilla): near the 
base are eleven large fossulatc papilhe forming two sides of a 
triangle Avhose apex is turned backward. The tongue of the 
Kiukajou {Cercoleptes) shows seven fossulatc papillie similarly 
placed and arranged; but it lias a long and large ‘lytta,’ liga- 
luentous auteriorlv, cellular posteriorly, in a sheath of circular 
fibres.** . 

* XX. vol. iii. p. 83, nos. l.OM {Utfana), IfjUA {Jackal). ^ Lxxxu '. p. 122. 
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Ill the IlyoLUia the tongue has a circular group of comcal 
pajrilUe near the foi-e part of the dorsiim sheathed by horny epi- 
thelium, forming retroverted spiniiles. In Felines they cover 
a larger proportion of that part of the tongue, fonning a powerful 
rasp in the great species.* The^gustative pai)illie are very fiiu' 
and setose, intermingled with the horny ones, and more abundant, 
towards the margins, where also the larger petiolate papillae art> 
scattered. In the Lion the tongue appears of considerable lengtli 
in consequence of the distance between the hyoid and the bony 
palate.^* The soft palate is of proportional extent, and all that 
part of tlie tongue co-extended therewith is represented by a 
smooth faucial membrane: as it advances it becomes covered wi<b 
large soft retroverted papillte; tlicii there appear four largo f(»s- 
sulatc papilhe, anterior to which the simple conical ])apillie con-' 
tinue, inoreasing in size to near the tip. In the Jaguar there in** 
tervenes between the epiglottis and the ]>ri)j)er base of the tongue 
a smootli faucial mucous tnict, like that iu the Lion, of tlii'<'<^ 
inches extent. In the Leopards, Ounces, Lynxes and Cats, tin* 

. larynx and tongue are in close proximity. No Carnivore shows 
a raised intermolar part of the tongue. It is equally absent in 
(^uadrnmana, In this order Hunter noted in a Lemur Montjoz. 
L., which he dissected, that ‘ the tongue Inis a part undcriuiath, 
shaped like a bird’s tongue, so tliat it might be (railed double- 
tonguc(l.’» Tliis long flattened process, bifid at the apex, is 
showij to be continued forward from the friennm In the prep. No. 

A like structure is shown in Loris (No. and 

two smaller fnenal processes are shown in the toniruc of another 
Lemurine species(Xo. 1517). This lingual eharaeter has since 
l)eoii found to prevail tbronghont the btrcpsirliine groiq)® down 
to and including the Aye-aye ( a/rr>;//y.y). In this animal th(‘ 
fnenal or sublingual^ ])late^ has a short and simple apex, behind 
it a filamentary longitudinal gristly ridge or ‘ lytta,’ projects from 
tlie middle of the under surface (J* the tongue. A narrow freer 
fold of membrane is continued backw^ard from eacli side of the. 
base of th(3 framal plate to the corresponding side of the j>ha- 
rynx . a like structure obtains in the Galagos and Pottos, ami 
supports the terminations of the du(5l>s of the submaxillary and 
sublingual glands. In Peroduiticus the broad apex of the fnenal 
process is jagged.^ The conical papilhe are short, subobtusc, and 
* XX. vol. iii. nos. 1509 -1513. 


Ibe corrcspotidiiig modilicatj'on of the hyoid arch in Felida: is noticed in vol. ii* 
506. » ccxxxvi. vol. ii. p. 29, 4 vol. iii. p. 84. 

* LXXXni", to LXXXVHl". 

LXXXV". pi. 8, fij:s. 8 and 9. 


XX, vol. iii. p. 
tir. p. 41, pi. xii. figs. 8 and 9, a. 
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rather large, pi’oportionally, in the Ayc-aye, becoming more so 
toward the fauces. The fossulate papil Iteforrn a transverse pair. 
In Galagos and most otXiax Lemur uIcr there arc three fossulate 
papilhe, in a triangle, with the apex , back Avard.^ Obtuse or 
1‘ungifonn ])apilhe are iiiferspcrsed with the conical kind in 
lAtmur ])roper. The tip is sharp-edged in Lemur and Microcehus^ 
round and obtuse in Galago and Aye-aye. 

In some of the Platyrhines the tongue is long, slender, and 
someAvhat pointed, e.g., CalUfhrixi in which the fossidatc jiapilhe 
arc three in number, with the apex of the triangle backward, 
fhe ‘sublingua’ is rudimental or obsolete in those and in catarhine 
(^uadrumana^ in which the tongue gains in thickness and depth : 
llic fossulate papilhe continue'" to be three in number, but the 
general structure of the tongue closely resembles that in Man. 

The human tongue, fig. 141, mainly dilfers from that in Quad- 
n/mana in being, so to speak, less massive, less deep relatively 
to its length and breadth, with a greater proporlion of its 
margin free, and for a greater extent. It is the most })crfect of 
all tfuigucs in its gustatlve and other sensibilities, and esi)ccially 
ill the rajiidity, freedom, and variety of its movements ; whence 
its aj>])lical)ility to the muncrons exigencies of articulate sjicech, 
as well as to jirohension, mastication, insalivation and deglutition 
of’ alimentary substances. 

Of the muscles moving the tongue some, e.g stylobyoid ; ’ 

‘ digastricus,’ mylobyoid,’ ‘genio- 
liyoid,’ ^sternohyoid,’ act upon it 
through the medium of the hy- 
oidcan arch: others, e.g. ‘stylo- 
glossus,’ ‘ geuioglossus,’ ‘ hypo- 
glossus,’ ‘ palatoglossus,’ arising 
from extrinsic j>oints jiass or are 
inserted into the tongue’s sub- 
sliiTK^e : * a thiril class of filires 
mainly constitute that substance 
in which they both begin and end, 
and arc called the / intrinsic 
nmseles,’ and collectively ‘ lin- 
Kualea.’ In the transverse scc- 
li<>n, fig. 145, the genioglossi, rf, are seen decussating vertically 
^yitb tlic central intrinsic fibres, ci these arc nominally dis- 
tinguishable from the ‘ peripheral mass ’ of these fibres, A, owing 
to their greater number and more compact arrangement at this 



‘ LXXXV''. ]>1. S, flj;. 7. 
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part; in a section anterior to the genioglossi' the peripheral 
layer is uninterrupted. The Centt^al mass consists of transverse 
and vertical fibres, the latter not wholly intrinsic but partly 
derived from the genioglossi: the i)eri])heral mass mainly con- 
sists of longitudinal fibres, 
of which those along the 
upper and under surfaces 
are intrinsic, those on the 
sides of the tongue in ])art 
derived from the styloglossi. 

As exemplified in the 
plan, fig. 146, the vertical 
and transverse fibres deeus- 
Siite in the centre, and then' 
exclude the longitudinal fibres: the vertical ones diverge and 
s])read as they ap))roach /», and cease near the margins ti\ a; 

tlie transverse also^ di- 
verge, tus they apj>roac)i 
Ify />, and disappear near 
the upper and under sur- 
tiices a, a. The vertical 
emerge from the trans- 
verse as they come ncrar 
the upper and under siir- 
fa(' 0 s a, r/, and the trans- 
verse extend freely from 
the vertical to attain the 
lateral margins c, r. The 
longitudinal fibres, which 
a])i)car as discs in Irans- 
vei’.se sec t Ion, fig, 147 , c, an^ 
seen near the perijdiery, 
wliere the divcrjxmg ver- 
lical and transverse fibres 
leave room for them, as at 
/>,/>, and in greater propor- 
li(m at the surfaces a a, cc. 
"J1ius, at certain portions 
of the tongue, three sets 
of fibres traverse the same 
area, in as many distinct 
directions and at ii^ht one with the other ; the arrange- 

ment being so that the croKsing of the fibres of any two sets forms 



fk'Ctiou of CiirCr.'il Inyi r, jart of tongue, 
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a net, the meshes of which in successive layers become canals 
through wliich the filires of the third set pass ; hence in whatever 
[)lauc they be viewed, two sets are seen, in profile, crossing, and 
one, in section, perforating; by which arrangement they mutually 
support and conduct eacli other, independently of connective tissue, 
the dispensing with which allows for the aggregation of so much 
more muscular tissue in the tongue’s substance. In fig. 147, a 
magnified vieAvJs given of a section from the upper surface, tt, ij) 
fig. 145 : a arc the vertical fibres extending to that surface, bo- 
yoiul the uppermost transverse fibres, J, and decussating witli the 
longitudinal fibres shown in section at c. This complex arrange- 
ment l)ecomes simplified toward the apex: the longitudinal fibres 
first ceasing, next tlie vertical ones, and the transverse alone 
being continued to the tip.* 

The skin of the tongue is divided into tlic papillose, glandular, 
and smooth, mucous, or faucial arcic : the latter, fig. 141, r/, has 
about half an inch of loiigitudinal extent when not stretched, 
and answers to tlie much more consideral)le tract in the Lion. 
The glandular area is defined aiitcriorly by the fossulatc papilhn, 
il). /, here arranged ‘ en chevron,’ four on each side converging 
toward the l)ack\vardly turned point: l)chiiid tliis is sometimes 
seen a fossa devoid of papilla, tlie ‘ forammi caecum’ of Anthropo- 
lomv. Tiic pa])illose area extends over the major part of tlie 
tongue to its tip and dowm the sides along part of the under 
.siirl'acc; it is roughened by papilhe which extend from the 
medial groove in obli(j[ue scries forward and outward, repeatinj^ 
in the main the arrangement of tlie fossulate or glandular 
pa])llhe. 

Tlie tongue-skin presents a basal areolar tissue, so dense in 
tlu: glandular and pajiillose areic as to resemble the coriiim: at 
the faucial area and under surface of the tongue It softens into 
the charactOr of that of the mucous membrane of the cavity 
witli wliich it is coiitiiinous : where it overlies the muscular part 
of the tongue, as in fig. 145, n, it is closely adherent thereto, 
and is thickest at the middle line : peripherally it projects as 
^pajiillie,’ sinks into ‘ fossulie,’ and is inverted to form the ducts 
or orifices of mucous follicles. The epithelium is scaly, thick 
Jind distinguisliable into a deep layer adjhcrent to the coriuin and 
H superficial layer which readily desquamates. The so-called 
‘ papillaj ’ arc jiroccsses of tlie corlum, rather analogous to the 

* For further and more minute details of this exquisite arrangement of the mus- 
t'nlar tissue for the functions of the tongue, reference should be made t^the admiraldo 
ai'iicle ccxL, in whicli tlic accomplished author, IIydi: Saltgk, first described it. 
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villiform ones in the intestinal mucous membrane of some animals 
(vol. ii. p. 170), and subdividing, as in those, into the ^ villi ’ or 
j)apilhe truly answerable to those of the skin ; the tongue- 
papilla^. or j)roccsse3 differ, therefore, from the true dermal papilhe 
in standing freely out from the sui face of the epithelium, whicli 
is moulded upon them, and docs not i)laster them over to its own 
leveL The so-called lingual papilla? are of three kinds, ‘ fossulate’ 
or circum vallate, ‘ fungiform,’ and ^ conical,’ many of the latter 
being also called ^filiform.’ 

The fossulate papilla, lig. 148, a, is large, obtuse, subpedun- 

culate, and arises from a fossa, 
/y, by the thickened and often 
crenato borders of which, e, it 
is surrounded. The nerves and 
vessels enter the papilla at its 
pedicle ; and the exj)andcd sum- 
i^^nit subdivides into the secon- 
dary true papilla?, plastered over 
by tlie epithelium. The average 
number of fossulate ]>a[)ilhe in 
Man is eight, arnnigod as in fig. 141, there be sometimes tvn, 
rarely moi-e ; often fewer than eight, but not less than four, 
Tlieir arrangement may vary to that of an almost transverse 
line. They are su|)pli('d by branches of the glossopharyngeal ; 
are yery vascular ; and, from the thinness of the ejuthcllum, 
apj>oar red wlicn injected. 

The ^ fungiform papillie,’ fig. 149, n, arc subpedunciilatc, but 
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Fungiform cxi" 


smaller Ilian the fossulate anti rounder; they are scattered over 
the sides and ti{> ot the tongue, and on the dorsum anterior to 
the fossulate series. I'hey arc rather larger than the filiform, 
and conspicuous by their red' colour. They arc covered by 
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socoiidary piipilltc, ib. A, in which the capillaries diverge and 
divide to form their brush of loops, as in fig. 149, X5, receiving 
each its capillary loop, into the fasciculus of which the branch of 
the artery «aiid vein v sub- 150 


divides on entering . the 
mushroom-like papilla or 
process. 

The conical papillic clothe 
fis in a close-set pile the 
anterior two-thirds of tlie 
dorsuni : they are longest 
at the mid-line near the 
centre of the tongue, small- 
est near the sides and 
at l!ie tip. The conc-forin, 
with secondary i)ai)ill{e down 
its sides, fig. 1 .30, merges into 
the cylindrical form, fig. 



< f \ I.. 


1,31, with a terminal brush of filaments. The excess of the sealv 


covering of these, ib. c, forms the so-ealled ‘fur’ of the 


tongue, which becomes separated 
iVoni the deci)cr layer of e|>ilhc- 
liinn, (L In the conical variety, 
!ig. 130, a is the basal mem- 
brane, by c, the ‘ pn^eesscs,’ sub- 
dividing into secondary or time 
papillic, c, the deep layer of 
c]»ilheliiim, /’, the superficial 
layer, //, the })oiuts from which 
the filamentary prolongations 
would liave projected : these 
sometimes resemble fine hairs, 
"fhe function of such filiform 
jiapillaj appears to be ‘portative’ 
and ‘ |>rotcctive,’ that of the coni- 
cal [)apill;e mainly ‘ tactile,’ that 
of’ the fungiform and fossulate 
ones ‘ gustative : ’ behind the 
latter arc the iirinciiial mucous 
follicles. 

The so-called gustatory branch 
of the fifth supjxlies the fungi- 
foian, conical, and filiform papillae 





Filiform trxr.. 

; the gl()sso})haryngcal servos 
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the fossulate papillie and the mucous tract behind: the iiintli 
or hypoglossal is expended upon the muscular tissue. 

§ 215. Organ of Smell . — Most Mammals are remarkable for 
the dcijree in which the sense of smell is serviceable. The class 
is eharacteiised by the extent of the pituitary surface and the 
size and number of the olfactory nerves; nevertheless, both ex- 
tremes arc therein exemplified, although the iamily i^Delphinkhe) 
in which the organ is wanting is exceptional and maximised 
development the i:ule. 

The ],)rogress is hot, as with the organ of taste, pari passu 
with the rise in the class : both IMan and monkeys are below 
most quadrupeds in ollactoiy endowments. In hoofed ones smell 
is important in the the discrimination of wholesome from noxious 
food: taste Avould be a tedious test, the sapifl matter needing to 
be moved about or masticated, mixed w'ith fluid, and more or less 
tlissolved, before the tongue can exert its gnstativc power; but 
‘ smell is done at oiice.’ ^ ^logt flesh-feeders scent afar tlieir 
food. 

In Mammals, as in all air-breathers, the odorous atoms strike 
n])0n the olfactory membrane at the entry of the breathing 
j)assages, where the atinosphorc is filtered, as it were, through 
the organ of smell before reaching the windpi])C ; and im)st 
effectively and instructively in the jiinnigrade Cartneora, 

The olfactory organ in Mammals receives its .sj>ccial endowment 
from nerves which rise in numbers from their proper encephalic 
centre, fig. 46, 47, ii. They pass out l)y as many holes in the 
])latc of the prefrontal, which is theiuie called the ^ cribilfbrm,’ or, 
from the Greck-root, ^ ethmoid:’ but the sieve-like structure is a 
strictly mammalian peculiarity consequent on the multiplicity of 
olfactory nerves, and is only aftected by a single exception in 
this class, the Oniithorhynchus adhering to the wider Vertehrate 
rule. 

The nerves carry out with them, each an Investment of tlio 
brain-mernbranos ; the dura mater losing itself in the pci iosteurn, 
the pia rnater in neurilemma, the arachnoid being reflected back. 
The UQrvcs arc grouped in all Mammals into a set for the 
septum, and a second for the upper or ethrno-turbinals, a third or 
middle short set being, in some, distinguishable for tlie labyrinth 
or roof of the nasal chamber. The branches of the secofld set, 
after expanding on tlie ethmo-turbinal, u^suaIly converge to 
become connected with tlie lateral nasal branch of the ‘ fifth.’ 
Their mode of distribution is best seen on the ethmo-turbinal: 

* \x. vol, iii. p. 80 . 
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here they cUviclc, subside, expand, and anastomose Avith each 
otlier, forming a reticnlute nervous expanse, with lon^ and narrow 
meshes, and becoming impacted in the central or inner layer of 
the olfactive membrane. This mernbnuie is continued into the pi- 
tuitary one, covering the inf erior spongy bone or ‘maxilhi-turbinar 
supplied mainly by the fifth. Jioth tracts, and especially the 
latter, are richly supplied with arteries -ojmning into numerous 
large ])lcxif()rm veins on the peripheral side of the membrane, 
occasioning or rcseinhling, there, a cavernous structure, ami 
admitting of such change in the quantity of blood therein as iiiust 
1)0 attended with concomitant degrees of laxity or tension of llio 
scenting membrane itseUV This at the attachment of the tur- 
binals is continuous Avith the lining of the nasal ebamher ; which 
itself becomes modified into the more delicate and still less vas- 
iMilar inemlrrane of the contiguous or accessory air-sinuses. The 
nasal mernliranes are finally continued at the posterior aperture 
into the mucous membrane of the fauces and ]>harynx, and at the 
anterior one into the iiilegninents of the face. The pigmenlal 
layer of the skin is soon lost within the nose, tlio colour of the 
])ituitary and olfactory membranes being due to the abundant 
blood s<‘nt to them. Numerous mucous crypts are iinliedded in 
(he ])ituitary part of the nasal mcinl)ranc. 

The cavity containing tlic organ of smell is formed by the 
prefrontal, vomerine, nasal, sphenoid, pterygoid, palatine, max- 
illary, and ])remaxillary bones, and may be continued by exten- 
sion of air-simiscs into all the bones of the craniinn, figs. 154 and 
157. The cavity is divided by a medial partition of bone and 
gristle in varying proportions, the bone l)eing contributed by the 
prefronlals, the vomer, and by ridges of the nasals, palatines, 
inaxillarics, and |»remaxillaries, with which the vomer may 
articulate. Each half of the cavity is a ])assage for the respiratory 
cuiTcuts oi\ air, o[)cning anteriorly upon a more or less produced 
and mobile ])art called ‘ nose,’ ^ snout,’ or ‘ proboscis,’ and pos- 
teriorly into a cavity containing the larynx or beginning oT the 
windpipe; sometimes, as in and in Marsupials at their 

mammary stage, containing the larynx exclusively, but commonly 
communicating also Avitli more or loss of the pharynx. In the. 

of the human skull, fig. 152, the outer Avail of the right 
nasal passage is sliowii, Avith the commilihicatlng frontal, a, and 
sjphenoidal, 4, sinuses; i is the nasal bone, and a the nasal spine 


' LX XXI 1 ”. p 278, and i.iv. \\ 128. (I'ho second edition of this valuable and 
’filial \Nork, 4to, 1804, is the one cited in the present vuluino.) 
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of tlie frontal, forming the fore^ part of the roof, c, the basi- 
sphenoid, forming its back part ; the * cribriform plate and sj)ine ’ 
of the prefrontal coinpletiug the roof: h is tlic nasal plate of the 
maxillary bounding laterally the anterior aperture; pterygoid, 
similarly bounding the j)osterior aperture : the floor of the passage 
is formed by the premaxillary, 7, the maxillary, A, and the pala- 
tine, G. At tlie upper part of the outer wall is a thin quadrilateral 

part of the prefrontal sculp- 
tured by grooves and aper- 
tures for the olfactory nerves; 
the posterior part, /, is a 
little curved, and leaves a 
vspace into which the sphenoi- 
dal sinus opens. The con- 
volute, thin, reticulate, bony, 
and gristly lamina, called 
^superior tu rhinal,’ is here 
attached, below which is tlic 
division of the general ])as- 
sage, called ^ suj>crior mea- 
tus.’ This is bounded Ixdow 
l)y a similar longer .and larger 
^ turbinal, ’ called ^middle 
spongy bone’ in AnlhroiKi- 



Vjiw of ilu; i.iitvr v.i' Cte cavlfy 01) the rik'Ut tOlliy, l>Ut USUally ICSS (IlS- 

tinct from tlic ujipcr part of 
the ^ethmo-turbinal ’ in lower Mammals, The part of tlic passagi' 
between the ruid<lle and lower turbinal is the ‘ middle meatus,' 


into which the ‘ antruin’ or maxillary sinus o[)ens. The lower 
turbinal is the largest of the three, and longest retains its indi- 
viduality ; below it is the ‘ inlerior meatus,’ /<, into which tlie 
lacryimd canal opens. 

In inost.lgwcr Mammals there is a turhinal process fr6m thc 
frontal and nasal hones; which, from its relative position in their 
hoiizontally elongated nasal chamber, is called the ‘ superior 
spongy" hope’ (oberstc muschel, Gurlt), by Ilippotoniists ; it is 
not the homologue of tlmt so called in Anthro[)ot«my, 

At the floor of the lower meatus, close to the prcmaxillo- 
maxiJlary ridge sujiporting the fore jiart of tlic septum, is a 
depression or groove lined by a glandular tract of the pituitary 
membrane which, in Ungulates, is extended ujK>n a long and 
nanw gristly sh(*alli at that jiart, and communicates with the 
palate by the foramen incisivuin, From one to three of the 


septal braneJich of the olfactory, traceable from a yellowish grey 
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part of the rhiiiencephalon, are continued clown to tliis tract; 
Imt it is principally supplied, like the lower turbinal, by tlic naso- 
palatine nerve,* 

Characteristic of the mammalian organ of smell is the great 
provision made by bony and gristly laminie for the support 
of the olfjictory membranes. The original extent of those [)riini- 
tivc capsules is augmented, as in a branchial organ, by manifold 
plica) and processes, usually so curved and contorted as to suggest 
the resemblance to turbinate univalves. The iieurapophyses 
transmitting the nerves of the nasal segment of the “ skull 
are reduced, as has been shown, in Mammals, almost to tfifeir 
essential function ; as such they appear in Cetacea (vol. ii. 
p. 121, fig. 287, m). So reduced and withdrawn from outward 
view, they arc further masked in the rest of tlie class by 
the agglutination thereto, or outgrowth therefrom, of the turbinal 
olfactory cai)sules; the whole, as agglomerated in them, receiving 
llie name of ‘ sun c-bonc’ (ictlunoid), froin the cxccj)tional pecu- 
liarity of the number of olfactory nerves in the Mammalian class. 
Ill fig. loll is given an oblirpic view of this complex bone 
with the ancliyluscd splieiioid in the Hog. The coniluent mesial 
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kunina) of tlic prcfroiitals project as ‘ crista galli ’ di\H[ding the 
rhincncephalic fossa*: to the under or outer part of the cribriforiu 
or perforated lamina) of the nctiraiioidiysca the parts of the 
olfactory capsules called ^ labyrinths,’ y, and ethmotiirhinals, a-, 
iire anchylosed: the maxilloturbiuals, /?, remain longer distinct, 
and ultimately coalesce with the superior inaxillaries. The con- 
volute plates attached to the roof of the nasal chamber, fig. lo7, h, 
lore called ‘ naso-turlrinals,’ are in most (quadrupeds added to 
toose shown in figs. 152 and 153. 

XO**, CXIJ". 
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In tlie Ondthtn'hynehus one olfactory nerve quits each rhincn- 
ceplialon aiul escapes from the skull by a single foramen at the 
fore part of the prefrontal plate: it divides on entering the nasal 
cavity into septal and turbinal branches. The membrane re- 
ceiving the former is supported wholly on a bony jdate: the 
turbinals are partly bony, and partly gristly : a prenasal ossicle is 
formed in the forepart of the nasal septum. i. 

The olfactory nerves in the Echidna are extremely numerous, 
and the cribritbm plate is large and encroaches upon the fore 
juirt of the cranial cavity as a convex protuberance. TJie ethmo- 
turbinals are of corres|)onding size, composed of a series of vertical 
processes which expand and subdivide as they pass toward the floor 
q|*ihe very long nasal passage. I have shown tlui lateral expanse 
of these turbinals by ahorizontal section in No. 1 707, xuv. p. 318. 

The olfactory nerves and the osseous cavities and lamina* 
destined for the protection and support of the pituitary membrane 
offer a remarkable proportional devclopmeiit in all the Marsupials, 
and more especially in the Insectivorous and C'arnivorous tribiss. 
('ertain species of Kangaroo, of the subgenus Osphrajifer, Gould, 
remarkable for their acuteness of smell, have tlic turbinated l)ones 
so large that the lateral expansion of the nasal cavity forms a 
marked feature in the skull. The characters of* the osseous 
])arts of the nasal cavity, in this order, are given in vol. ii. p. 348. 
Through the defective ossification of the palate the convolutions 
of the inferior turbinals are visible in the dry skull at that part; 
e.g. in PerawcUa latjoHs (vol. ii. fig. 222) and in ThylarinHs. In 
the latter marsupial the fine lacework perforation of the inferior 
turbinals is well shown. 

In the Hare the inferior turlnnal is large, longitudinally la- 
mellate, and shows in well-injcetcd specimens the Inghcst degree 
of vascularity : the complexity of its medial or septal surface 
contrasts witli the sinqdicity of that in Fclitics. The cthmotur- 
binals arcj|n'i(led Into three primfquil lamclhe: the nasal cavity 
is long but narrow : the maxillary sinus is small. In the Agoutis 
the nasal chamber is more expanded : the ethinoturbinals which 
consist each of four rather sliort longitudinal lamelhc, arc divided 
from the maxillo-turbinals by a protuberance from the mesial 
wall of the large maxillary sinus: there is a small SJacobsotfs’ 
process from the f)remaxillary at the lower and fore part of the 
nasal cavity. In the Paca {Cador/ent/s) the olfactory cavity ex- 
tends backwards beneath the rlilncncophalic one. In the Porcu- 
pines through the enormous development of sinuses from the 
olfactory cavity it extends backward beyond the rhincncei)haiic 
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one, which it appears to encompass. The latter cavity is defined 
hy a well-marked ridge from the pi*osencephalic part of the 
(n\aniiim. The vomer is deeply cleft posteriorly, and coalesces 
with the ethmoturbinals. The fore part of the vomer articulates 
with tlie median ascending ])rocess of the premaxillary arching 
over tlie wide vacuities whicli lead from the nasal passages to 
the prej)alatine apertures. Besides the maxillary sinuses others 
are developed in the frontals, squaniosals, alisphenoids and orbito- 
s])!ienoids, with bony sejda converging to the rhincncephalic 
fossa?. No nasal sinuses or aircclls arc developed in the skull 
of tlic aquatic; beavers. In tlie voles (^Arvicohi) a canal leads 
iVoui the crescentic orifi(‘C at the fore part of the antorbital 
aperture into the lower [)art of tlie nasal meatus, above the pre- 
palatine fissures. In the rat {Mns deenmanua) it terminates 
helow the attachment of the anterior turbinal to the premaxillary. 
Ill all Mnflda* the olfactory cavity is very narrow ; the ethmo- 
tiirbinal small and but little divided; the lower turbinal is ele- 
vated in position. The external nose is short and, as in most 
Uodents, is clothed with hair save at the middle of the septum. 

In hisevtivora the olfactory organ is lictter developed tlian in 
Roilndia, Tlie ethmoturliinal of the mole lias not fewer than 
eiglit jirimary lamella; ; but the maxillotiirbinal is comparatively 
simple: tlic external nose is developed into a snout, witli woll- 
inarked muscles for various and ]M>werful movements. The de- 
velopment of this jiart is such in some African hisectivora^ ^g. 297, 
MS to have earned for them the name of ‘ Elcjdiant-Shrews.’ The 
naked outer border of the nose in the common hedgehog is den- 
tated ; and the edge of the snout is fringed in Condylura with a 
rirehi of soft [irocesses. But these, like the still more extra- 
nnliiiary defmal appendages in certain bats {Rhinoloplius) relate 
touch. 


Tlie armadillos and anteaters enjoy an acute sense of smell. 
In Dasypus sexrincttfs tlic rhincncephalic almost ^tials tlie 
tpeiu'cphalic division of tlic cranial cavity : but the olfactory 
tiuiiulier cxUmuIs backward to beneath the prosencephalic division, 
nnd tlie ethmoturbinals arc remarkably extensive and compti^x : 
niaxilloturbinal is comparatively simple. The turbinal plate 
the nasal almost equals the facial plate in extent. The chief 
^■xjiansiou of the cranium is caiised by the largo olfactory cavity, 
Jind the part extending therefrom into the frontals raises them in 
^'fdamyphorus into a pair of domes (vol. ii. fig, 272, n). In most 
Annadilios the external nose or snout is strengthened by a pair 
prena»sal ossicles. The rhincncephalic efiainbers are large in 

^^GL. I I f. i> 
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Orycteropiis (ib. p. 404); but the olfactory ones are far more 
remarkable for both size and complexity. In the true Auteaters 
the ethmoturbinals, though large, arc less de« 
veloped than in armadillos. The inferior turbiiial is a long 
slightly rolled up lamina. In sloths, as described in vol. ii. 
p, 406, the olfactory chamber extends backward above the 
rliinencephalic one into the frontal bone, and below it into the 
sphenoid. The extension of air-sinuses therefrom is still greater 
in the extinct megatheriolds (ib. 407). 

The baleen-bearing whales are those of the Cetaeea which 
alone have olfactory nerves, although all possess the ^ crura 
rliinencephali.* The pituitary membrane sii]>ported by the tin- 
binal%one is remarkable for the plexus of large vessels behind 
it. The cetacean modifications of the nasal [>assage.s will be 
described with the respiratory organs, to which they mainly 
relate. 

In Sirenia the nostrils arc siibtcnninal, at the top of the obtuse 
miizzh*, and provided with movalde gristles ; the nasal passage's 
contain t)oth ethmo- and maxillo-turbinals, the latter, like the 


former, gristly ; the small almond-shaped bones wedged into the 

fore part of the frontals arc, 



as Cuvier held, nasals, not 
tnrhinals.* The nasal passages 
are short, narrow', sub vertical: 
the ethmoturbinal is short and 
longitudinally lamella t^. The 
olfactory nerves arc ftwver 
and the criliriform plates 
smaller in the Duffonjjc than 
in the Manatee. * 

Jn the Elephant that part 
of the nasal cavity, fig. 1»>4, 
which is appropriated to the 
essential parts of the olfac- 
tory organ is contractexl and 
narrow, and the passages, (u 
/>, are relatively short : they 
arc, however, much prolonged 
l)y tlie accessory appendage, 
called ^ trunk,’ at the extre- 
mity of which open the 
and are as much expanded 


* ‘ Cornets infoiieurs,* De Bl. ; civ'. Gravigrado?, p. 
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I)y the snmmnding air siniiseri, which pervade every hone of the 
(•ninliun. The hony nasal passage is continued in almost a 
straight line from the anterior aperture, «, to the posterior one, 
/>. Tlie vomerine part of the septui*h, L'5, extcnids from the pre- 
splienoid about half-way to the anterior aj>erture. At the upper 
part of the cavity, so divided, the ctlnnoturbinals arc situated, 
which are moderately plicated : the maxillary turbinal is, also, 
( omparatively simple in character. 

In the Tapir the shorter proboscis terminates by a sinall 
|)ointed extremity between the nostrils. The snout is covered 
with hair to the l)Mse of the terminal ap|>endagc ; the hair on the 
upper part tending uj).vard or backwanl, that on the sides toward 
the tip. The cribj*iform plate is not simjdy i)erforate, buf is re- 
ticulate, witli long radiating meshes, the latter closed by dura 
mater; it sends down curved lamclhc, sheathing the olfactory 
?iorv(\s. The etbmoturbiiiid c.onsists of as many convolute divi- 
sions attached to, or continued from, those processes, in a pedun- 
culate way : and each is perf(»- 
rated by many foiaimina through 
which hraindics of the olfa(d(»ry 
pass to the pituitary meml)rane. 

1’he maxillary tnihinal is elon- 
gate and sinj|)ly convolute. 

The nasal cartilages show tlie 
chief modification, the alar 
portions, fig. 155, being 
coiitiuned backward, ox[)an<l- 
ii»g, ami filling the ])ecnliar 
grooves of the skull (vol. ii, 

]>. 119) between the nasal bones 
aial orbits, o : here the cartilages arc scmicouvolute, convex, and 
(‘utire outwardly, excavated on the inner KSidc, the cavity bein<»- 
t*<^ntinuod by a groove into the nasal one at the sides of the outer 
‘"Aperture : from the character of the lining membrane, it may be 
•rgarded as an extension of ‘Jacobsons fossa.’ The ‘levator 
rostri,’ or raiser of the short proboscis, fig. 1 55, r/, arises from the 
l>roe(‘8s of tlie lacrymal, runs in a fibrous sheath, converging to 
ds fellow, and is inserted into the tqiper or fore-side of the part 
^'l»ch, together, they raise, or, acting separately, draw to their 
side. A broader muscle, ‘ retractor labii,’ />, from the same 
expands to its insert inn at the side of the labial part of the 
bjise of‘ the proboscis. Hcnu'atli this is the innscle, c, wliieb 
nsmg Inan the lower border of the hun-ymal, spreads upon the 


i;».> 
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^^ide of the proboscis, and is intimately connected with the ‘ orbi- 
cularis oris,’ d d; e is the zygomatic, f the dei)res3or anguli oris, 
ff the biicciiiator.* The external nose of the Rhinoceros is com- 
bined with the upper lip and j>rolongcd in a minor degree, but 
with a like arrangement of muscles, for prehensile purposes. 
The nose of the Horse is chiefly peculiar for the power of the 
dilating and contracting each nostril, such movements being sub- 
served by a lateral semilunar 
cartilage, fig. lob, A,; by a dc- 
])ression or fold of contiguous 
skin, called ‘ false nostril ’ in 
Hippotomy, and by the lioino- 
logues of the muscles of the 
combined nose ainl lip of the 
Tapir. In fig. lo6, a is the 
^ levator rostri ; ’ <!> is the ‘ re- 
tractor labii alivfjue nasi;’ c is 
the muscle called ‘ transversiis 
nasi,’ in Hippotomy; e is the 
zygomalicus; /’marks the in- 
sertion of a inusctle, ‘ pyraini- 
dalis ’ of Hippotomy, whicli 
arises by a slender tendon from 
tlie inaxiilary, and gliding f)e- 
neath the lalnal part of i, ex- 
)>ands*to be inserted, fleshy, into 
the outer border of the nostril 
and contiguous skin-folds. 

The Horse is remarkable for 
the size of the rliincnceplialoti 
and the extent of the cribriform 
plate transmitting its nerves to 

urj rr hp, II'M IJOSC T tllCy paSS UJH)!! Jl 

series of about ten short lonecitiulinal folds directed forward and n 
little downward, -f ‘on niiig the ^ ethmoidal labyrinth’ of Hippotomy, 
the upper larger division being the ^ ethinoturbinal a longer, 
larger, more siinjjly disposed plate, attached to both prefrontals 
and nasals, and chiefly descending from the latter bones, forms 
the ‘ nasotiij-binal beneath this is the ^ maxilloturbinal,^ of 
about the same vertical extent, and almost the same length. Th^^ 
bofiy septum contribute<l by the coalesced prefrontals, forniJi, 
superiorly, about one-fourth 'of the genend partition ; the vomci’ 

' xcni. l)p. 20- 20. 
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extends, beneath it, along about three-fourths of the lower third 
of tlic sej)tuin, but subsides to a point ; the major part of the 
septum Is gristly. 

In the IIipjx)potamus the nostrils are relatively small, jiromi- 
nent, wide a])art, and are served by muscles which open and 
close them like the eyelids, besides pi*otriiding and retracting 
them. The accessory sinuses of the nasal chamber are very 
little developed. Their extent and size offer a great contrast in 
tlie Ilog-tribc, in which the essential parts of the olfactory organ 
arc also relatively larger and more compIoK. The rhineneepha- 
lon is large, with many nerves, and the cribriform plate of great 
extent : the ‘ labyrinthic ’ part of the capsule attached to its 
inuler or outer siirfa(*c forms nine or ten longitudinal, slightly 
diverging folds, fig. 153, </, the three or four uppermost of which 
coalesce to form the cthmoturbinal, w-hich is long, slender, 
siil)Convolute, and attenuated to a fine point forward, ib. .v. 
This figure gives an obliciue view of the ^ lain rinth,’ y, and 
ctlmioturbinal, ,s;, of the right and left sides. The nasoturbinal 
is of moderate length. The somewhat deei>er and more con- 
volute ^ inaxilloturbinal ’ is shown at/?: the accessory ^nasopa- 
latine ’ fossa, at k. The |>terygoid, /*, bounding the j)Osterior nasal 
o|K?ning IS excavated and expanded above by a sinus continuous 
with those of the sphenoid, ??. The accessory sinuses of the 
nasal chamber are very considerable in the Hog-tribe : the 
iVontal ones (vol. ii. [>. 468, fig. 315, U, young Pig) extend back- 
ward over the ealvariinn to the occiput in the Boar: a structure 
well shown in the Babyroussu, Xo. 3346,* in which in’cparation 
the extension of the sphenoidal sinus (ib, fig. 315,/) into the 
base of the jiterygoid is demonstrated, where it is divided into 
an external and internal compartment. In Phacochixrus the 
ptery go-nasal fossa is simple, and the frontal arc almost separated 
from the parietal sinuses liy the near approximation of the inner 
to the outer table of the skull. The pterygo-nasal fossic arc 
alKsent in Dicoty^s. In all Suid(P the external nose is somewhat 
IHoloiiged and truncate, the nostrils opening upon a naked disc: 
the cartilages of the nose form a complete tube, which is a con- 
tinuation of the bony nostrils, and near the end of the snout 
the cartilaginous septum becomes ossified, and forms the prenasal 
ossicle (ib. fig. 315, o). 

In the Ox the cribriform plate is relatively smaller and the 
oKactory nerves few^r than in the Horse: the labyrinthic part of 
Ihe ethmoid consists of about six short narrow longitudinal 

* xuv. p. 557. 
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folds, most of wliieli coalesce to form a larger and more simple 
ethnioturbinal than in the Horse; the nasotnrbinal is . very long 
and slender : the maxilloturbiiial of much greater extent, espe- 
cially in vertical diameter: it tenninates forward obtusely. In 
the Shec{> the nasotnrbinal is relatively deeper and less pointe<l 
than in the Ox. The nasal passages, from the lower border of 
their anterior outlet, traverse nearly three-fourths of the longi- 
tudinal extent of the long and slender skull of the Giraffe, fig, 
lo7. 1"he u])j)er folds of tlie ‘ labyrinth ’ coalesce, and are pro- 
duced into the moderately long and deep ‘ ethnioturbinal ’ a : 
the ‘ nasotiirl)inal,' //, dee[>est behiinl, is longer and more pointed 



1.1 fr iii.f i iurfiti.-itr, f xinj.fOfl In (.i* rr.iiiiniij; (iii.in'r. 


anteriorly than in other Kumlnants; the niaxillolurhinal,’ c, is 
large and deep, finely reticulate or jiertbrate ; it ivS crossed l>y 
jiart of the vomer in fig. 157. The extent to which the air- 
oinuscs coinmimicating witli the nasal chamber are extended is 
shown in this section, and noted in vol. ii. jip. 477, 478. The 
nasopalatine nerve entering the chamber below the ifbre-end of 
the cthrnotu rhinal receives some part of the olfactory filaments 
converging toward that end, tlien sends upward and forward a 
small branch to the nasoturbiual ; a larger brariidi downwaixl and 
outward to the ediamber-wall and its lining ; the main part being 
expanded on the long nasoturbinal. 

In the Tiuinliianti a gradation may he traced in the extent ol 
the. glandular and, in health, moist part of the skin of the ex- 
ternal nose, from tlic 8hec]», where it is a mere liiu^iir tract from 
the mid-furrow of the upper lip bifurcating to each oblique nostrib 
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tlircnigli the lioebuck, Fallow-deer, Ited-deer, to the Ox, where it 
constitutes the broad naked muzzle J 

The organ of smell in Carnivora mainly dilfers from that of 
hoofed llerhivora in the greater relative size and strength of the 
cthmoturhinal, the shorter, deeper, more massive and much more 
subdivided ‘ maxillotiirbinaL’ In the Lion the cthmoturbinal is 
of a pyramidal form, its broad base continued from the short 
laliyrinthic part attached to the cribriform plate, its apex termi- 
nating forward, lietween the naso- and maxillo-turbinal. The 
mesial surface of the cthmoturbinal shows numerous furrows, 
two of wliich are longitudinal and parallel with the upper margin 
of the bone, the others radiating from the lower part of the 
jiltached base : the lateral or outer surface is less comjilex and 
extensive ; Init, on removing the outer layer, a series of con- 
centric curved folds are exposed. The ‘ iiasotiirbinal,’ holding as 
m Ungulates the highest position, is an elongate cone?, co- 
extensive with the roof of the nasal cavity ami with its base 
o|)posite to tlio IVontal sinus: the mesial surface shows a scries 
of deej) arched folds; the lateral one seems imne even, but wlieii 
tlie |)(‘ri|ihcral lamella is removed a series of longitudinal folds of 
the bone is bj’ouglit into view, beiioalh which arc concentric folds 
arched or (?urvcd in the opjjosite direction to those in the ethmo- 
iiirbinal. The ma\lllotnr))iiial is fusiform; the liiud end is at- 
tached to the outer wall of the nasal chamber below the middle of 
the nasoturblual ; whence the bone rises and expands, crossing 
tlic anterior end of the etlunoturbinal, and again diminishing to its 
anterior and iii^per attachment behind the external bony nostril. 
From its position, tbeieforo, the odorous atoms, in inspiration, 
nmst first impinge ui)on this bone, and the |)ituitary membrane 
is thicker and more vascular than on the other turbinals. Its 
mesial or septal surface |)rescnts one curved groove, parallel with 
ami near to the lower margin of the bone : the outer surface lias 
a like character. Tlieinore glandular ])art of the })ituitary mem- 
hrane is at the fore part i)f tlie floor of the nasal chamber, not 
occujiying so deep a fossa as in Ungulates. 

The sources and distribution of the nervous siipjdy corresponds 
'vith that noted in the Giraffe: the se])tal branches of tlie olfac- 
tory curve down toward the thickened liasc of the partition. In 
the Dog, the longiliidinal folds of the ' labyrinth ’ are about four, 
lower in number but larger than in the Sheep : the asthmoturbinal 
continued from the undermost and curves upward slightly to 

lliis was out to me by the estimable and justly famed water-colour 

‘^itist and animal painter, Uoukut Hills, F.L.S. 
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the iiasoturbinal. as it advances : the inaxilloturbinal is shorter, 
relatively broader and dee{)er, and much more extensively folded 
than ill the Lion. This is tlie part of the olfactory organ tliat 
reaches the extreme of turbinal development in the Seal-tribe. 
In the large species dissected for the preparation, No. 1557, the 
maxilloturbiual is attached by its contracted extremities, the 
intervening enormously swollen mass is divided by a deep longi- 
tudinal furrow into two parts ; the free surface of which is singu- 
larly comiilicated by folds, radiating from both extremities of the 
bone and sulidividing <licliotomously.' These turbinals seem to 
block u]) the entry of the nasal re»spirat()ry passages, and must 
warm the air in ar<!ti(‘ latitudes as well as arrest every indication 
from the effluvia of alimentary sul>stances or prey. The luisotur- 
binals, in some Otari(P^ extend backward, with the nasal chamber, 
above the long rhincncejdialic compartment of the cranium. 

In the (^uadnimana the nasal chamber loses loiigtli and gains, 
but in less proportion, depth and breadtli, from the Lemurs up 
to the Apes: the inaxilloturbinal ceases to be suspended by its ex- 
tremities, and acquires a linear longitudinal attachment externally 
to a ridge on the maxillary wall of the nasal eliamher. I'liis tur- 
binal is divided into two chief parts lengthwise, in Lemuridrp., where 
it is longest : the nostrils are here terminal, the anterior cx]>an- 
sion of the septal cartilage curves outward and downward on 
each side, and, witli a eorresponding degree of curvation of the 
principal alar cartilage, gives a siibcon volute form of nostril 
to most Strepslrhines. In the Aye-aye they describe a semi- 
circle ; and the nasal chamber by its shortness, depth, and pre- 
dominance of the othmo- over the maxillo-turbinals excmplities 
the quadriunanous affinities of the species.® In Platyrhinc 
monkeys, the septal cartilage is remarkable for the transverse 
extent of its anterior terminal expansion between the nostrils, 
pushing them and their alar cartilages outward. In Catarrhines 
this expansion is much reduced ; and the nostrils are obliquely 
approximated. In both groups the nostrils cease to be ter- 
minal ; in a Bornean Done ( Semnopithecus nasiciis)^ the nos- 
trils are produced upon an ill-shapcn ])rominent subcylindrical 
nose. In the Gorilla each nostril is surmounted by a broad 
prominence, arching outward from a lower }>art ini|>ressed by a 
median furrow ; a deeper indent divides the nasal ala fj :*om the 
cheek : the aspect of the nostrils is forward and a little out- 
ward. The septal cartilage extends to the tip of the interalar 
prominence. 

* XX. vol. iii. p. 100. ’ - cn'. p. 18, i»l. viii. fig. 6. 
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In Man the nuinhcr of olfactory nerves varies from fifteen to 
twenty: after traversing the cribrifonn plate, they divide into 
two chief sets, ‘ septal ’ and ^ turbinal,’ and ramify between the 
periostenm and the ])itiiitary incmbranc before terminating on the 
latter. The septal nerves, fig. 158, «, arc about twelve in 
number, are quickly resolved into brushes 
of filaments, which unite together to form 
plexuses, and send off branches forming ^ 



IJraiu'lifs <if olf.u’tory ;iiui n.-ii-Mpai/Hinc iieni*:* on tlie Ai.ir rartila^^os, Iminaii nnse. 
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liner jdexuses, traceable to near the base of the septum. The 
])o.storior fourth of the se|)tal membrane is chiefly supjflied by the 
nasopalatine nerve, Tlie ‘turbinal’ or labyrinthic olfactory 
nerves are more niunerous, rather smaller, and more plainly 
anastomotic in their course over the ujAper and middle turbinals, 
lying in grooves of the former, and extended chiefly upon the 
inner and lower front of the midtnrbinal ; a few combine with 
lhat j)art of the nasopalatine which su])plies the lower part of the 
middle tnrbinal. The lower turbinal is almost exclusively snp- 
ihed by a branch of the ^nasopalatine.’ The main charac- 
teristic of the human organ of smell is the prominence of the 
fore-part of the chamber, having the nostrils on its lower surface, 
and constituting the feature emphatically called the ^ nose, ’figs. 
lf)9, 161, The formative fold of integument is supported by 
eleven cartilages, of which one is medial, the others lateral, 
m five pairs. The medial or ‘ septal ’ cartilage, fig. 160, is usually 
triangular, with three unequally curved margins: the upper one, 
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is fix(?d in the groeve of the ‘ perpendicular plate of the 
ethmoid,’ the lower border, />, fits into the front groove of the 

vomer; the anterior border, r, 
extends from the nasal bones, 
where it is thickest, as at 2 , r/, 
and grows thinner down 
toward the apex of the nose. 
The varying proportions and 
foi*m of tlie septal cartilage 
mainly govern the shape and 
prominence of the nose : it 
is least developed but thick' 
cst in the Negro and Papuan 
'fhe lateral cartilages vary in size and shape, the uj)per 
159, is triangular, (‘outuiuous in front with its follow, 
where they are closely connected with 
the upper half of the anterior border, 
fig. 1()0, c, ol‘ the se[)tal cartilage, 
"flic largest of the ‘ alar ’ or ^ pinnate ’ 
cartilages, fig. 159, />, is bent upon 
itself, almost surrounding and go- 
verning the shape of the nostril : 
it is rnovably connected with the 
lower and outer [lart of a. To the 
outer and hinder ajiex of tlie earti- 
hige //, is joined the first of the three 
small cartilages, e, f/, which sup- 
))ort the posterior cimvex part of tlu; 

‘ ala ’ or wing of the nose. The flex- 
ible fibrous tissue connecting these 
elastic cartilagiis allow of the move- 
ments of the parts to be readily pro- 
duced, and the muscles are accord- 
ingly feeble. The ^ pyraini<lalis nasi,’ 
fig. lf)l, r, is (amtinued from the 
medial portion of the ‘ frontalis,’ fig- 
28, /*, which descends over the upper 
part of the nose to the cellular tis- 
sue co\ ering the cartliage, and thence onward to combine 
with fibres of the ‘triangn laris nasi,’ fig. 161, e, and fig. 29, n. The 
‘ levator labii snperioris aheejnenasi’ is shown at dd, fig. 161 ; m 
the degree in which the alar is distinct from the labial portion, 
or has been distinctly exercised,’ the w ings of the nose can be ex- 
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jjaiulcd independently of* any other movement of the face. The 
‘ depressor alaj nasi/ ib, /, arises from the outer border of the 
s(»ckets of the canine and contiguous incisor: the fibres ascend 
to the aUn, many of them arcliing over the outer and back ])ro- 
minence of tlie nostril. The * depressor septi/ ib. k, is detached 
from the u[)per part of the * orbicularis oris/ fig. 29, oo, the 
fibres conveiging from etudi side toward the nasal septum. The 
small triangular ]>atch of pale fibres, fig. 161, is the ‘ com- 
])ressor narium minor:’ the lai’ger quadrilateral muscle, //, is the 
‘ levator aim projvrius.’ In races, like the Minco])ies of the 
Andaman Islands * who scent the ripeness of indigenous fruits, 
moving the thick alie of their squab nose, as they explore their 
<lark forests for this purpose, the nasal muscles may be expected 
(o he well and instnujtivcly developed. 

§ 216. Orf/an of Henrinfj, — The advance in this sense-organ in 
the mammalian class is seen in the cxtcnsiim of the (’(Kdilea, 
fig. 162, /', into (roils suggesting the name; in the greater propenv 
(ion of the perilymph ; in the ossification of the cartilages between 
tlie stapi'S and tympanum forming the ‘ mal- 
leus/ and ccmunonly also fhe • iiunis and in 

the ju’csence, sav('. in most swimmers and bur- 
rt>wcvs, of an external ear or conch, served by 
nuii?(;les for various moveanents to catch the j 
^ouud. Besides the cochlea^ the labyrinth, 

1G2, indii.les, as in other Vertebrates, the 
s(*mi(*ireular canals, c, (/, c, and the inlermo 
diatc space or ‘vestibule/ by which they 
now communicate with the cochlea. The semicircular canals 
form a smaller proportion of the labyrinth in Mammals than in 
lower Vertebrates; they retain, ho\vevev, their posterior })osition 
to the vestibule and cocdilca. 

The larger opening in the bony wall of the labyrinth is called, 
bom its sha[)e in Man, the ‘ foramen ovale/ or, from its situation 
the labyrinth, ‘ fenestra vestibuli/ fig. 162, a : it is closed by 
tbc base of the sta])es. A smaller ‘ round aperture/ ib. ft, is 
eallcd ‘fenestra cocbleie,’ because it forms the terminal orifice by 
whi(*h one of the turns of that part, ‘ scala tympani,’ would open 
lido the tympanum, were it not naturally closed by niembranc. 

A depression in the petrosal or bony case of the labyrinth 
I’eceives the fiicial and ac'oustic nerves, and terminates in a ciil-de- 
one division of which gives passage to the facial, fig. 165, ft; 
Ike others receive divisions of the acoustic nerve, and transmit 
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them, by slcve-like 2 >lates, to the labyrinth; an anterior main one, 
ib. r, going to the cochlea, and 2)osterior ones, ib. //<, suj^plying 
the vestibule and semicircular canals. 

The labyrinth is lined by a delicate membrane closing, as it 
passes, the. fenestra tymj)aiii, whence it is plainly continued into 
the cochlea, and completes the spiral septum of* that jmrt: con- 
tinued over the vestibule, the lining membrane is applied to 
the base of the sta[)es which closes the ^fenestra vestibuli,’ and 
it lines the semicircular canals. This membrane also extends 
al<»ng two very narrow canals continued f*rom the labyrinth 
to the exterior of the {)etrosal, where it ))asses into the peri- 
osteum or dura mater of that 
]iart. One of the canals cf)m- 
moncos at the vostihulc, at 
y;, fig. 16^1; the other from 
the tymj>anic ‘scahi’ of ^ the 
cochlea, at /; ; the serous fluid 
of the lal)yrinth |>asses through 
these canals to the general 
araMinoid recejdaclcof the cere- 
bral serosity, and they were ac- 
cordingly tciTued ‘ aqueducts,’ 
and distinguished as ‘ vestibular’ and ‘ cocrhlear.’ Minute blood- 
vessels are continued along both canals; but their constancy and 
their relation as the intercommunicating medium between the 
acoustic and cranial serosity indi(*ate a fum^tion which justifies 
the precision with which they have l)cen described by Cotugno.* 
'J'lie anthropotomical ‘ aqueducts ’ show the last trace of that coni- 
iminity, so extensiv<? in fishes (vol. i. fig. 227 ), in the differentiation 
of the cnanial from the otocranial cavities. 

The mammalian cochlea consists of a spiral tube, fig. 1G3, r/, r, /, 
lisually descriluTjg two turns and a half, and narrowing toward 
the apex, the vaulted roof of which forms the ‘ cupola/ fig. 164, (\ 
The internal wall of the cochlear spire and the S 2 >acc it includes 
form the ‘modiolus,’ ‘columella,’ or hollow central pillar, ib. i, 2, 
whi(di, from the wider sweep taken by the first turn, is broadest 
below. Here enters tlu^ trunk, ib. a, n, of the cochlear division 
of the acoustic nerve, and tlie tbraniina by which its fibrils pene- 
trate the spiral canal extend along a part of the modiolus called 
‘ ftractus si>ira!is foraminulentus.’ The tube of the cochlea i^s 
divided into two passages or ‘ scalic’ by a delicate plate of bone, 
fig. 163, y, y, attached to t\m inner or modiolar wall of the turns, 
and projecting freely into theii-navity toward the outer wall: the 
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lining membrane extends from this plate to the outer wall, fig. 1G4, 
f/, e, and completes the separation of the two seala\ The attach- 
ment of the base of the ‘lamina spiralis’ is not solid, but indicates 
its <ronstitution by two confluent layers, whicli here sei)arate and 
intercept the minute channel called ‘ canalis s|)iralis modioli.’ 
Towards the apex of the 
cochlea the s[)iral plate 
becomes free, and formS' 
the part called ‘ liamulns,’ 
fig. 104, 7. Here the two 
scahe intercommunicate, 
as shown by the bristle in 
\\<X. 104, which emcrg(\s 
above at the opening 
termed ‘ Iicdicotrema,’ 11). 

8 : tbe apical part of the 
spiral lamina is formed by 
an onward extension of tlie 
lining membrane of the 
coclilea, bounding tlie up- 
\)V.Y ])avt of the columellar canal called ‘ infnndibulnm,’ il). 2. lii 
(he section here cxluI)ito<l the lower, r>, is the tyinpanic, flie upper, 
the vestilnilar, division of the whorl divi<led by the partition, //, 
f\ which is thus seen to be formed 
i>y the osseous plate snp])orting 
tbe nerve-filaments, /;, the layer 
of membrane lining the tyin[)ani(* 
scala, f), and that lining the vesti- 
bular seala, 6 ; the l\vo c-oalescing 
beyniul the hone, and becoming 
tliiokcned at c, where they again 
pass into the parietal lining. The 
‘‘ochlca is essentially a devcloj)- 
vuent of the petrosal capsule im- 
tnedijitely related to the hone of 
the head and its vibrations. The 
niemhranous labyrinth, fig. lOo, 
t'etalns, in Mammals, its common 
vortcl)rate character, extending 
through the semicinnilar canals and vestibule, but not beyond the 
part of the latter whence the cochlea is prolonged to its inam- 
*‘ialian extent: the sacculus, ib. /, retains the homologiic of the 
^dolite of that part in fishes and reptiles; tlie second otolite, c, is 
also commonly present in the body of the vestibule: both are in 
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the condition of pulverulent aggregate^^ of combined carbonate 
and phosphate of lime, the latter iirgreater proportion in Mainmala 
than ill Fishes: the particles are held together by a mucous 
tissue. The membranous labyrinth has a ciliate inner sinfai^e, 
and contains a thinner ^ endolymph ’ than in fislics : it is suspended 
in the coininoii scrosity of the bony labyrinth, which is distin- 
guished as ^ perilymph.’ 

Taking a retrospect of the course of the car-organ, the primitive, 
constant, and essential clement is the ^ sacculus,’ fig. 1 65, c, /*, witli 
its otolites, which receive the proportion of the nerve-supply not 
resolved into the puljiy lining of their bag: this simjile condition 
obtains in Cephalopods.' In the M yxinc something like one bent 
canal, and in the Lamprey two, are continued from the sacculus: 
in all hijjher Vertebrates the three semicircular canals are 
established ; but in most fishes they float, as shown in vol, i. 
p. 342, fig. 227, in the common scrosity of tlic cranium; their 
special bony’' cases, intercepting so much of the arachnoid fluid as 
now forms the ^perilymph,’ are suhsequently develoj)ed : finally 
is ad<led the corujilex cochlea, into wliich the primitive mem- 
branous lalivrinth is not extended. 

In fishes, where the acoustic nerves are affected by vibrations 
of the endolymph propagated from the cratiium or the body gene- 
rally, the otolites are large, and usually of crystalline density. In 
air-breathers the sonorous vibrations of the atmosphere are inoi e 
<Hrectly received : they first strike upon a meuibraue set in a frame 
and stretched across the oi>ening of an air-(‘hamber, like a drum. 
In Mammals the ^meinbraiia tympani’is more deliitatc than in 
Reptiles, ami, with few excejitions, is concave outwardly. Sound 
is usually collected into a conch, the hollow of which can 1)0 
directed U> its source. The medium of acoustic communi- 
(tation between tlie drum-membrane and the labyrintli unilcr- 

goes also, in Mammals, tliat instructive 
course of ossification and development 
which converts the avian columella and 
its cartilages into the chain of little 
Wiies called ‘ otosteals.’ These, after 
the external ear, are tha scat of the 
chief modifications of the organ in the 
present class. They retain, in Mnnt' 
inalia, the names suggested by their 
shape In Man, viz. ^ stapes,’ fig. 166,0, 

^ incus,’ B, and ^ malleus,’ A : a small 
e|)iphysis between Be and c a/when separate, is the ' orbicuhirc ’ 

’ nv. |>. 291, an<lwf>/p. (hxmx. p. 619. 
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or ‘ lenticular’ ossicle. To nuiintain an equable pressure on both 
skies of the niembrana tyinj>ani, and faciliUite the movements of 
the otosteals on each other, 
atmos])hcric air is admitted 
into the cavity, as in other 
air-breathers, liy the tube 
called ‘custachian,’ fi}r. 167, 
c, continued from the back 
of the nose or mouth to the 
tympanum. Jn passing 
through this tidie the air is 
warmed, and a proper at- 
mosphere maintained in front 

of the membranous parts of num.tn.jmt. 

the walls of the labyrinth. 



The structure of the car-organ in Cetacea is highly suggestive 
and interesting: it is, as Hunter remarks, ‘ upon the same }n-in- 
ciple as in the quadruped;’ 


yet the outer opening and 
1 massage 1 ead in g ( her ef V oi \ i 
to the tympanuin can rarely 
he alfected liy sonorous \i- 
hrations of the atmospliere, 
and indeed they are re- 
duced, or have degenerated, 
to a dcgi’ec which makes it 
difficult to eoiieeivc how 
such vihratious can be pro- 
l)agated to the ear-drum 
during the lirief moments 
in which the opening may 
l)e raised aliove the water. 
In a full-sized Cachalot it 
is a longitudinal slit one 
nndi in length, admitting 
'vith difficulty tlie end of 
the, fore-finger. In our com- 
mon porpoises and dolphins 
this opening is so small as 
to require search in detects 
uig, Igg^ loads to 

flexible membranous canal 
^“ip^^hle of receiving, in 
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Delphinns turslo^ a hog’s bristle: having passed thit)iigh the skin 
and blubber, it makes a sudden bend upon itself, at i, and is tlien 
continiiod by a course of about an inch and a half to the ear-drum, 
where it rather suddenly expands : in the subcutaneous part of 
its course the walls are strengthened by a few longitudinal earti- 
lages with elastic (•onnections, allowing of slight changes in length 
and disposition; but the walls are in contact throughout most of 
the narroAV part of the tube. The ear-drum is concave exter- 
nally in DelphinuUe and PhyseteridcE ; but in a Bnl(Pnoptcra 
Hunter found it projecting with an unusual degree of convexity 
into the dilated inner termination of the meatus. 

The density of the osseous tissue of the tvmpanic bone, ib. r, 
recalls that of the large otolites of fishes, and the almost free 
suspension of this singularly shaped subeonvolute mass suggests 
that it may be affoctc^d, like those otolites, by the sonorous vibra- 
tions whi(di are propagated 
through the water and strike 
upon the outer surface of the 
head of the Cetacea, How- 
soever the ear-drum may be 
agitated, whether by a pos- 
sible entry and propagation 
of air-vibrations throngli the 
meatus, or by an aflectiim 
of the dense and massive bone, 
fig. 169, supporting it, the 
vibrations arc (‘onducted bv 
a triangular jdate of fibrous 
tissue, ib. /*, to the handle of 
the malleus, y, one margin ol’ 
the transmitting plate being 
attached to about tliree- 
fourths of the long axis of 
the inner surface of the ear-drum; but this is extended at e. 
beyond the circumference of the inner termination of the bony 
meatus. The malleus articulates in the usual mammalian way 
with the incus, //,, and the inner crus of this Avith tliye stapes, h 
thick, marginally rounded, elliptical base of which is deeply snuk 
into the rfenestra ovalis : ’ there it is arrested by and presses 
against the continnation of the lining membrane of the vestibule, 
wliich,Hkc tlie drum-membrane, is affected by the movements of 
the attached ossicle : these are due to a ‘ stapidcus ’ muscle, 
fig. 169, o, inserted into the neck of the stapes so as to pull it iit 
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an aTifjrJe of* 415"^ wilh the plane of the baj^c: ami, by dcpressino' 

I his into the ‘ fenestra,’ to make tense the closing curtain and sqt 
in motion the perilymph. The muscle, ib. w, which seems to 
answer to the ^ tensor tyrnpani,’ degenerates, in mo>st Cetacea^ into 
tissue which becomes ossified and fixes the malleus to the wall of 
tiic tympanum. In all Cetacea the otosteals are dense and massive. 
In jDeljflimus leucas the stapes is imperforate, as in the Walrus, 
jig. 170, o: ill Phocfcna commimisy ib. J5, there is a small hole, 
From tho inner or mesial and anterior end of the tympamiin the 
Ihistaehian canal is continued, Avhich terminates, as shown by the 
probe, dy in fig. 168, in the fauces above the posterior part of the 
bony palate which lias been cut away to cx]K)se it, the jiarts being 
(lisj)layed from below. The tube is membranous throughout, not 
tra\orsing any bony canal. In the por[)oisc its inner surface is 
provided with folds like valves, with the free margin directed to 
the nasal outlet of the tube: this part communicates with sinuses, 
s()m(^ leading to a cellular structure, others compared by Hunter 
^ to the large bag on the basis of the skull of the horse.’ * The 
retaccan labyrinth is excavated in a petrosal capsule, fig. 109, />, ///, 
of the same dense kind of bone as the tyui|)ainc, but of an 
irregular shape, an<l attached by a short, thin, easily fractured 
plate to the tympaiiiii. The usual mammalian characters licre 
prevail: the cochlea, A, is indeed relatively larger, compared 
v. itli the semicircular canals, than in other Mammals, and differs, 
ill l)etphhil(}(Ry in the greater extent and form of the ^scala 
veslibuli,’ which more resembles a complete tube than the lialf of 
siieh divided in the direc.tion of its axis: it also desorlbes an 
ohlifpie sigmoid curve on leaving the vestibule before it com- 
mi iices its spiral turns, which arc two and a half in number, and 
i’ltlier more de| crossed than usual. The aqucductus cochleai is 
1-irge in DeipkinaUe, The fenestra ovalis is bordered liy a rim 
tlie stapes. The fenestra rotunda is relatively large, and is" 
^livltlcd, tlie lower (*mial jiassing along the wall of* the scala ves- 
tihiili and conveying a part of the cochlear nerve. The acoustic' 
iicrv(* is large. 

In Man it has been found that the faH of a drop of water on 
^hat with whiclj^thc meatus has been filled aftects the air in the 
^yniiuiimm, so as to produce a sensilde impression of sound. The 
nu inhrane closing the fenestra cochlea? transmits its vibrations to 
die fluid filling the corresponding cone or ^scahi,’ which would be 
piopagated at the ajilcal communication along the other cone to 
vostibiilo: the Cetacea^ with their meatus and ear-drum in a 

' xciv. |). 382 (1787). St’c Caiiisk’ii cx|)orimciit in cii", p. 207. 
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like condition, would thus be aiFected by any sonoiaous vibrations 
that might be propagated to the tympanic cavity ; and the shave 
which tiie cochlea would take in their application to the acoustic 
nerves may ex])Iain the large proportional size of tliat part of the 
labyrinth and of the forameji rotundum. 

In Sirenia the acoustic capsule is small, but dense in structure; 
it coalesc’cs with the tympanic and mastoid, and the compound 
ear-bone is partly lodged in a large hemispheric cavity of the 
squamosal, and partly projects into the wide vacuity, between 
tliat bone, the basisphenoid, and basioccipital. The otosteals 
are relatively large, especially the sta[»es, fig. 170, K (^Manatus), 

which forms a massive, elou- 
conical, siibcoinpressed 
A B c ^ ^ ossicle, truncate atop and ob- 

I porforated above its 

^ oval convex base: the incus is 

I a much smaller bone with one; 
^ ^ ^ crus thick, the other short and 

styliform : the malleus has a 

Ornltlioriiyru'hii‘<. u. I’orr-ofyc. r. Wulr.ift. lui’gC irrcguliirly gl(d)OSe llCtld 
1*. Seal. K. Maiiartv. . 1 1 , ’• i i i 

and a handle terminated by an 
abrupt point. The massiveness of the malices of the Porpoise, 
il). B, and Walrus, ib. c, has already been referred to: in the Seal, 
ib. I), the Ixrnc has lost less of tlie characiter of the mammalian 
stapes. In the OrnithorhynchiL^ the avian type, ib. a, is retained, 
and the prolongation of the column has not dcvcl()|)ed the pro- 
ces.ses marking out the incus, as in the marsupial, lig. 171. 

h\ Alonotremfda the acoustic nerve is expended upon a laby- 
rinth remarkable fur the small relative size of tlic semicircuhir 
canals and tlie irce jirojeetiun of their bony wall into the cranial 
cavity. The cochlea is wide, but not high ; it is bent in two 
turns, divided as usual into a vestibular and tympanic scala. The 
foramen ovale is nearly circular and opens into the wide but 
shallow tynqianic cavity. It is closed by the base of the coliimcl- 
liform stapes, fig. 170, a; the incus being represented by a pro- 
longation and exjiansion of the handle or neck of the columella, 
as in Birds. In this class such incudial expansion is joined to an 
obtuse angled triangular jdate of c'artilage, the longest side of 
whicli is attached to the incmlirana tympani. In the Orn!^ 
thorliynchus the homologue of this cartilage is ossified, forming a 
bent plate which performs the office of the manubrium of the 
malleus and also contributes to the frame of the meinbrana tym- 
pani. This membrane is concave externally, and forms the inner 
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extremity of A long and narrow meatus auditorliis cxternus, whicli 
is strengtliened by a cartilaginous incomplete cylinder, protected 
by a valve, but not provided with an external concli. This is 
equally wanting in the l^chidna, in wdiieh the external aperture 
of the auditory canal presents the form of a vertical slit, shaped 
like the italic /, one inch and a half in length : the margins of 
the slit are tumid, and support a row of bristh^s v/hich prote(‘t and 
cover the orifice when recninl)ent. The meatus is remarkably 
long; the tube is strengthened in this Monotreme.by a series of* 
incomplete cartilaginous hoops, connecteVl together by a narrow 
longitudinal cartilaginous' band, so that its structure closely re- 
sembles that of a trachea, fig. 301, a, a. The tympanic fossa is 
nlrnost entirely encircled with a slender hoop of bone, voL ii. 
fig. 197, 28, consisting of the anchylosed tympanic bone and mal- 
i('us. The portion which represents the tympanic bone, ib. and 
\yhi(di can be separated i*rom the malleus in the young subject, is 
a slender osseous filament bent into three-fourths of a circle, and 
placed uj)on the Inner margin of the tym])anic fossa, its concavity 
looking outward: this concavity is impressed Avith a fine groove 
for the insertion of the inembrana tympani : the ])osterior part of 
tlie hoop ])asses across the commencemeTit of the Kustaehian 
(‘airal, and terminates in a free ])olnt upon the posterior Avail of 
the tympanic fossa: the anterior end t)f the hoop is applied to and 
usually anchylosed Avith the longitudinal bar of the malleus. 

Only a small portion of this ossicle is contained Avitliin the 
cavity of the tympanmn ; the principal portion, ib. rv, forms tlie 
external and part of the jiosterior boiindarv of the bony inoatus 
auditoriiis, and is then continued forAvard in the form of a slender 
pointed [iroccss ; the bone slightly ex])ands as it extends back- 
wavd, and its broadest part is abruptly bent luAvard until it nearly 
meets the posterior end of the tympanic lioop. From the extre- 
mity of this inflected portion a slender compressed proc^ess, c, 
extends to the centre of the spa(*e encirchKl by the bony hoop ; 
it is attaclied by its Avhole lengtli to the raembrana tympani, and 
represents tlie handle of the malleus. At the posterior margin 
of the broad incurved part of the malleus there are two minute 
ossifications in, an incudial cartilage: the short and simple co- 
Imnelliform stapes, ib. rf, ascends vertically from the innermost of 
these tubercles, Avitli the upjier surface of Avhicli it is articulated ; 
its opposite extremity closes the foramen ovale in the form of an 
expanded plate. The meinbrana tym[)aiu is concave outAvardly 
at its middle part. 

In Marmpialia the chief instruction from the ear-organ is 
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iifrordecl by I ho suocossive ste]>s by which the ordhiary inainma- 
Uan C()uditu)n of the otosteals is attained. In most, as in Perur- 
J 7 J /wefcs', the stapes is still columclliforrn, fig. 171, 

^ ha^e oval, supported on an imperforate 
stem ; its apex more expanded than in Mono- 
tremes^ sending oflP the process, //, and devclop- 
ing the articular cup for the malleus, a-c. This 
\ rei)resentatioh of * incus ’ begins, as in Kchidufu 
^ ^ l)y a separate ossification. In Macropus^ it 
more commonly retains its individuality, and 

Ufi*stcald, IVraiiu'lirf. . ^ ^ . i /• x 1 

the stapes, ng. 172, is minutely })erforate above 
the disc: howcv(?r, in some instances, it also shows the process, (L 
Tlio rt'scinblanco of the malleus, fig. 171, to the ^ eartilago 
coluinollie’ of birds is instructively close in most 

i marsu[)ials : but the parts called the Miead,’ c, 
h ^ lK)dy,’ A, and ‘ handle,* are definalile. The 
. largest proportional external cars are those of tlie 

ivunirarx.. ,*auudes l(((/ofis, tlic shortcst thoso of tlio Woiii - 
hat. The tympanic cavity in Pcrameles is very extensive, but is 
formed by tlie sphenoid and petrosal bones; the tympanic bone 
is limited to the funct ion of supporting the car-drum, and forming 
the internal commencement of the meatus auditorius cxtcritus. 
The internal extremity of the tympanic cylinder projects ob- 
liquely into the posterior and outer part of the sphenoidal bulla. 
Jn many other marsu])ials the tympanic is prolonged into a 
bony suj)j)Oit of more or less of the external ear-passage, the 
extent and direction of which arc noted in vol. ii. p. 340 : tln^ 
species in which tlu^ tympanic cavity is sujqdcmcnted by excava- 
tions in the s«iuamosal are also tliere mentioned. 

It is interesting to fir^d, in some Hats, a retention of the colii- 
melliform contliienee of stn|>es and incus, as in fig. 173, a ( Vt^s- 
pertllio nocf/ula). All inserdivorous likcAvise show the 

semicircular canals ])r()jc(ding from the rest of the acoustic bony 
ca[)sule, which is relatively large ami free. The cochlea, however, 


StupOi*, Kuntrjtpxt. 


departs far from the Hi rd-type, being of unusual relative size, aii<l 
in some s])ecies describing more than three turns; divided as 
usual into the two scala?, of which the tympanic one, as in Whales, 
is much the largest. The divisions of the meatus intenius for the 
cochlear and vestibular branches of the nerve are unusually deep 
and distinct. The tynqianic is here mainly subservient to the 
support of the drnm-inembranc : it is dce[dy sunk into the tym- 
panic cavity, and very concave outwardly. One branch of the 
stapes is thicker than the oth’er; the two crura of the incus are 
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wide apart, and the articular one is the longest. Tlie car-concli.s 
are large, <lelicate ; in some genera of Bats enormously expanded ; 
tliey have been noticed, togetlier with their vibratory niovernent-s, 
under the ‘ Organ of Touch.’ In the frugivoroiis kinds the conch 
is small; l)iit with tragus and antitragus very distinct. A large 
and expanded malleus obtains in Pterojnis fuscus^ with tlie 
process and handle of almost c({ual length. The stapes is narrower 
in proportion to its length than in true Bats. 

In most Inscrtftwm the bony 8cnii(*ircular caTials project troin 
the petrosal capsule within the cranium, and conspicmously so in 
the mole, in which tlie petrosal is large and cellular. l^nt<if 
the osseous wall of the labyrinth conducts a vessel and nerve 
tlirougli the (Opening of the stapes, as shown in fig, I7d, c. The 



base of this ossicle is very thin at the middle; it has a wide 
opening : the malleus has an elongate tuberous licad. The ear- 
c()ncb docs not j)roject. In Shrews it is generally broad, thin,“ 
naked, and complex, rounded, and but little projecting. In Sorex 
Joflicns, Pall,, the free margin is folded and concealed by the siir- 
roniuling hair: in the Water-Shrews the protecting hairs are 
longer; there are two folds within the conch ; the upper one has a 
marginal row of hairs; the lower one— a kind of antitragus — can 
he folded over the auditory canal. When the outer margin of 
the conch is unfolded it reaches to the level of the top of the 
head. In the great groove-toothed shrew {Solcnothm) the auricle 
is shaped as above, has the free margin iinfiildcd, has fine short 
hairs on both surfaces ; and the protecting folds of the meatus at 
the bottom of the conch are relatively small, but complex. 

The lamellifbrm type of malleus prevails in all Shrews: it is 
figured from Sorex araneus, in fig. 173, B, a, d. In the Hedgehog 
the oval and round apertures of the labyrinth are approximate : 
the cochlea makes a slight [>rojectioii into the tympanic cavity. 
The basisphenoul enters, as in Marsupials, into the formation 
of the tympanic cavity, and the tymj)aiiic bone retains its free- 
dom and is almost restricted to the support of the drum-mem- 
hianc: the stapes, fig. 17i^, IL has slender, nneaual crura, and 
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a wide aj)erture ; it irf as large as tlie incus, the attached crus ol* 
which is short, its free one long : the malleus equals both bones, 
and its head and body, as in Shrews, are unusually expanded. In 
Centetes it is less broad, wdth a longer process and shorter and 
thicker handle. The membrana tyinpani is almost horizontal; 
there is no bony meatus externus. The ear-conch is short, broad, 
and rounded : two of its muscles arc derived from the strongly 
developed dorsal panniculus carnosus, fig. 7. In the Tenrec the 
tympanic extends into a short ^ meatus externus.’ 

In the Kat (Mu,s decumemus) the orifices for the cochlear and 
vestibular divisions of the acoustic nerve open separately on the 
petrosal surface, not into a common ‘ meatus internus,’ In scc- 
tio!ts of the cranium of some Ilodents I observed that the tym- 
panic cavity Avas divided by a horizontal partition into an u])per 
and lower compartment, intercommunicating, in the P«)rcupiiie, 
posteriorly above the membrana tympani ; this is situated in the 
lower compartment, the external meatus terminating in a narrow 
oblique slit at its upper part. In tlie beaver the upper com- 
partment of the tympanum is much smaller; the bony meatus 
contracts to a transverse slit as it approaches the membrana tyin- 
pani, the plane of Avhich is almost jiarallol Avith that of the meatus 
itself: from tlie membrane the bony meatus extends outward and 
curves forward and a little upward.^ In the Paca ( Cadoffenys) the 
horizontal se[)tum divides only the anterior half of the tymjianic 
bulla into an upper and loAvcr compartment, the meatus termi- 
nating, as usual, in the latter. The tympanic cavity is remarkably 
developed in most members (»f the present active timid order: it 
is enormous in Ctenomys.^ In the Chinelulla( /.w//rV/.s) the mastoid 
])oriion rises to tlie uj)]>er surface of the cranium, Avhere it is 
girt by a slender band of the combined superoccii>ituI and s(iua- 
mosal : the petrosal part of the tympanic bulla describes a curve 
dowiiAvard and backward circumscribing a large foramen which 
opens into the bulla beneath the meatus auditorius externus. 
Ihis is long, wide, ftinncI-sInqxMl, Avith the outlet obli(jueIy trun- 
cate and directed upward and a little backw'ard. In the Capy- 
bara the bony meatus externus is unusually contracted, is clel’t 
below, and bounded there by two small tuberosities. In the 
Hare the meatal jiart of the tympanic is long and ascends ob- 
liquely backward from the frame of the drum-membrane. This 
is a long ellipse; the handle of the malleus extends from above 
doAvn its long axis to aliout one-fiimrtli from the low^cr border ; 
the fibres of the ^ineinlirana propria,’ diverging from nearly the 

* XLIV. Nos. 2044, 2093, 2r66. XMV. p. St).*}, nn. 2012. 
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wliole length of the handle, aflf'ect, for the most part, a trans- 
veJ'se course. The stapes has a Avide vacUlty and slender crura, 
and in many Itodcnts (Squirrels, Cavies, Marmots, fig. 173, e) it 
is traversed, as in Moles, by the bony canal of a vessel and nerve. 
The ear-conch shows a Avide range of variety, from some swim- 
mers ( Castor) and burroAvers ( Mole-rat, fig. 174) where it is hardly 
visible, to the Flying Squirrels (vol. ii. fig. 154), derboas and 
Hares, Avherc the ears are coiisjncuous a])pendages to the head. 

The Sloths contrast Avith the Rodents in the dcirree in whicli 
they enjoy the sense of hearing : the tiomdi is rudimental ; there 



is no bony mcMtus ; tli(^ tympanic is reduced to its liinction as 
the frame of the drum-head, and long retains its individuarity. 
riie stapes is small and imperforate, in the two-toed species, 
lig. 173, F. The crura of the incus are thick, of equal length, 
very divergent. The handle of the malleus is bent at the middle; 
it is short, as is also its process. The tympanic cavity extends 
into the squamosal and pterygoid. 

In the Armadillos (Dasifims) the meatus iuternus is subspiral; 
the cochlea projects into the tyinj)anic cavity : this is large, but 
oAves little to the tympanic bone. The malleus is bent, almost as 
in Monotreines, completing the circle for the dnun-membrane, 
and expanding for its attachment thereto : the part articulated 
with the incus is very broad and flitt. The car-conch is cou- 
ti acted and tubular at its base ; but expands to a length of nearly 
two iTiches and a breadth of one inch in Dasyjms Peba^ in Avhich 
die apex is rounded off. In Orycteropus, also, the external ears 
in*c very large for a burroAver. In tlic true anteaters (Myrme- 
they arc much smalle the tympanic bone retains its 
b'cedom and is chiefly subservient to the sujqiort of the drum- 
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membrane, wliicli is placed very oblicpiely. In the pangolins 
{Mrniis) tlic' ear-conch is prcsciitccl by a small scalc-like fold of 
thin integument. 

In the Elephant the petrosal is small in [)ro|)ortion to tlie 
size of the animal; its apex is grooved l)y the cntocarotid. The 
post-tympanic part of the mastoid meets the postglenoid process 
below and (drcumscribes the outer auditory aperture : the tym- 
panic contributes the lower wall of the meatus, internal to whlcli 
it expands into a ‘ bulla,’ which unites wdth the petrosal. The 
tympanic cavity eommuiiicates with the air-sinnses so exten- 
sively developed in the cranium, lig. 154. The staj)cs, fig, 
175 ,g, has a thiji convexo-concave base; its branches are of nn- 
ecpuil length; tlve incus and malleus arc large iti proportion: tin* 
driim-membrane is a full oval, the radiatin<r fibres t)f its Drooer 
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.St.'UK'j*, in I’ngulitftt, 

A. n. cMitrikOx. ». Horse. is. TMi'ir. k. o. pimnt. 

tunic diverge from the end and sieles of the handle of the malleus, 
which, terminating near the great end of the oval, causes a cor- 
res[»onding ditterence in the length of these liln’cs. The ear- 
i’onch is large, jirodigiously so in the African species, and ex- 
tremely mobile in both kinds. 

In the Hippopotamus the free part of the petro.sal is of a 
compressed {lyriform figure ; the tympanic is expanded, at the 
(Uivity, and prolonged obliquely and almost vertically upAvard 
into a mcatal tube, Avhich becomes almost concealed between the 
zygomatic and paroccipital in the old animal. The otosteals are 
small and mas.sivc ; the stai>es has a very small perforation, fig. 
175, .v; the handle of the malleus is sliort: the conch very 
small and little jnominent. 

The petrosal is small and rounded in the Ilog-tribe ; it retains 
its primitive individuality in the Bahyroussa; not coales<u*ng 
with the independoitly developed, mastoid or other elements of the 
otocraiie. TJie tympanic contains air-cclls and is produced into 
a long and narrow auditory canal obliquely upward and back- 
ward, with an external orifice smaller than the fraine of the 
ear-drum. Both the base and aperture of the stapes arc small, 
lig. 175, B, and both the liaudle’and body of the malleus are short. 
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The ccmcli is small and erect in the Wild-hogs, larger and 
])endant in the domestic breeds. 

In the Anojdothere the bony outer aperture of the ear was 
round and horizontal, the j)assagc directed from the tympanum 
b:u*kwanb The diameter of the semicircular canals, as in most 
other Ungulates, is relatively less than in most small Lisscnce- 
jilialous Unguieulatcs. The lower ridge of the petrosal is less 
marked in Camels than in true lluminants. In these the stapes is 
usually arched, widely open, with thickish crura, grooved inter- 
nally, fig. 175, c, linlmlnSy the base a long oval. In the Ox the 
memhrana tympani is oval ; the handle of the malleus extends 
iVoni above obli(iuely doAVJiwafd and forward to one-fourth of 
ihe long diameter from the small end, and lies near the anterior 
part of the circumferonije ; conse([uently the posterior fibres di- 
verging from the handle are longest: in the stapideus muscle is 
iml)edd(!d at the passage of the carncous into the tendinous part, 
ii I'ouiidish ossi(de, about three-fourths of a lijie in long diameter, 
and one-third of a line in short diameter. The tympanic hone is 
compressed and produced into a long auditory canal with a 
trmiehaiit lower border, and the outlet almost liorizontal. The 
car-coneh in Ruminants is commonly charactcrise<l by three 
vortical rows of hairs longer than the rest on the inner surface. 

'fhe external cars of the Horse, fig. 150, arc most expressive 
;il)])(mdages, in their extensive, rapid and various movements. 
The tym]>anic bulla is divided l)y an unusually regular series of 
radiating [dates. The stai>es, lig. 175, i), is an elongate triangle, 
witli criii-a of imefiual thickness, a produced cervix, and narrow ob- 
long base. Roth tlic stapideus and tensor tym]>aiu have thick fleshy 
|M»rtions : in the stajiideus of the Morse tliere is an ossicle, smaller 
than in the Ox, ajid of a longisli slui})e, thicker in the middle, 
riie auditory chamber of the Tapir is small : the tympanic does 
not devclopc a meatus externus: the part supporting the mem- 
hranc early coalesces with the squanuKsal and the post-tympanic 
part of the mastoid. The base of tlie staj)cs is elongate, fig. 
179, E : the head of the malleus is compressed, its handle Is bent. 
In the lihinoccros, also, the tympanic, whi(di is reduced to the 
frame of the membrane, is indistinguishable from the mastoid 
and S(]uamosal with which it early becomes fused. The petrosal 
is very small. The stapes is triangular, with a moderate vacuity, 
and thick crura, ib. F : the crura of the incus are very short : the 
lu'ad of the malleus is bifid, its handle much curved. The conch 
pedunculate, and ex[)ands into a moderate cHi|>tlcal cliaml)or, 
f‘‘om the upper part of the head. The tympanic of Ilf/mx h 
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. swollen and continued into a short horizontal auditory tube : the 
base of the stapes is rarely ossified beyond the circumference : 
the crura of the incus are subequal and Acry divergent: the 
malleus has a long handle. The ear-conch is short and round. 

This a})pendage, in Carnivora^ enlarges and elongates progres- 
sively from the cared-seals and bears to tlie hyenas ; exception 
being made for the aquatic Mustdidm {Lutra and Enhydra) 
Avhicii arc seal-like in its smallness, and for the Fennecs Avliich 
show the opposite extreme ; the character expressed by the 
subgeneric name Meyalotis makes the Nubian species cons})i- 
cuous in the old Egyptian frescos. 

The seals offer a great contras't to the manatees in the rela- 
tive size of the sta])os, fig. 17(), a, Avbich is much smaller than 
the incus or malleus ; but it jwesents a similar massive charsicter, 
with inequality of thickness of the crura and a small perforation, 
il). and fig, 170, i). In the Avalnis, ib. o, the stapes is imperforate. 
Ill all Phoddcp, i\\G body of the incus is tumid with short sub- 
e(iual brandies: tlio body of the malleus expanded, compressed, 
and its handle short. The tymjianic is large and dilated: it coalesces 
with the petrosal and mastoid, and together they occupy a large 
interspace between the basisplienold, basioccijiital and Squamosal. 
It is interesting and suggestive to find that with proportions and 
powers of the piimiform limbs that enable the Seals of the southern 
mrean to raise and move the trunk better than In most northern 
kinds, the ear-conch begins to be visible, Avhence the name 
* Otaria ’ for such sea-bears and sea-lions. 
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Ii> Boars ( l/r.sns) it lias Init a moderate perforation, fig. I7f), 
c, showing the afliiiity to the Seals; the erura of the incus 
are of unequal length : the head of the malleus is suheornpressed : 
its liandle of m(!(lerate length, and its pro<;e.ss short. 

In the badger { Miles) the stapes is small, with an elliptic base 
and moderate »aeuity ; the erura of the incus arc of unequal 
length: the malleus is large with a subcompressed hcafl, and the 
handle terminally expanded. The tympanic is large and modc- 
mtely inflated. The stapes of the kitdcajuu has a larger base 
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and wider opening than in the badger : the incus is relatively 
snialL In the wolverine (Gwfo) the malleus is perforated near 
the origin of tlie process ; repeating a character |)resented in some 
birds by its cartilaginous homulogiie. In the otter {Lutra 
vuhjaris) the inalleus, fig. 176, n, is similarly perforated; the 
stapes is small, but adheres to the musteline ty})e of the bone 
and is more widely open than in Seals. In the civets the stapes 
is triangular, its base oval, the branches thick and grooved on the 
inner side : the crura of the incus arc short and very divergent. 
In Canis the stai)es, ib. o, is subelongate, with the apex small, 
the base oval: the intcrcrural space is large. The liat\dlc of the 
malleus is grooved lengthwise. The stapes of the hyiena has a 
sliglitly convex and longish oval base ; the crura of the incus are 
short : the malleus is rather curved, with a short subcompressed 
IiandU*. /riie enr-concli is large and long, Avithont any fold of 
the external border: the tympanic is less inflated than in Felh, 
The cochlea is longer and more prominent in the dog than in 
the cat. In this tyj)e-geniis of Carnivora the acoustic ca])sule 
{ind labyrinth are small, especially in the largo species; l)ut the 
tympanic cavity is expanded in all felines into a notable M)iilla ’ 
at the base of the skull, formed chiefly by the tympanic, which, 
iillei* framing the drmn-membrane, forms an oval external orifice?, 
deeply seated in the narrow spac^e between the mastoid and 
zygoma. Tlic stapes is a longish triangle, Avidely open, with 
tlic a|)ex trun(‘atc and tlic base oblong, fig. 176, K, Tiger; it is 
shorter in the small Felines. The crura of the incus are short 
:ni(l subequal; the body of the inallens is broad and long; its 
hunvllc of moderate Icngtli, and, in some, tin’minally expanded, 
riie conch is short, iisually rounded, broad and Avidely o[)en ; 
veliitively largest in the smaller s}>ecics ; and distinguished in the 
lynxes l)y tin? apical tuft of long hairs. 

The otostcals in Qurnirumami, fig. 177, qnicklyMipproximate to 
the (diaracters of’ those in Man, ih.. Homo: the stapes in Chiromys 
lias a sliorter and broader summit; its base is firmly Avedgod into 
iIk* foramen ovale. AVith the other otostcals it is proj)ortionally 
Iarg(‘r than in true lemurs, bearing relation to the great develop- 
nu nt of the outer ears. These are large in all Lemuruhe : the 
tiagus ami antitragiis are well marked in Staiops, but instead of 
Juithclix there are two prominent and subparallel plates. The 
Aostihule is shorter, and the cochlea closer to the semicircular 
eanals in the Aye-aye than in ]\fan. In the Lemvrkhv the com- 
n.eticcanent of tlu; cochlea is wide, and its axis is parallel Avitli a 
line drawn from the fore end of the ampulla of the iqiper semi- 
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circular caual, and meeting the latter just before its junction 
with the hinder semicircular canal. The stapes in lemurs is a 
more equilateral triaiigle, and the perforation is less than in 
monkeys : the incus lias a longer and larger body in proportion 
to its crura: the malleus has a shorter process, fig. 177, A. 

In Cvhi<l(v\ il). n, the stapes gains in length, but not much in 
vacuity ; the crura of* the incus arc still short, and the extensions 
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^^aaJrumana and Man 

of* the malleus are slioi-t in proportion to the mass articulating 
with the incus. The tympanum is large; the external meatus 
short and v(‘ry wide. In catarrhinc monkeys, ib. c {Cereopi- 
tht^cys mhams) and in apes a nearer approach is made to the 
proportions and shapes of the human otostc^als. 

There is a wider range of diversity in the external ear than in 
the more essential [larts of the organ. In the nocturnal Aye-aye, 
in whicli the conch is relatively largest, there is a lieginning of 
the helix above the meatal fossa, but tlic rest of the margin is 
thin and unfolded : tlic tragus is not very prominent, the anti- 
tragus is better marked : a low fold represents the ‘ lower crus ' 
of tlic antliclix, thp ujiper one and the rest of that fold are 
wanting. It is only in the orangs and chimpanzees that the 
parts defined in the human auricle are represented. The free 
margin is reflected to form a ‘ helix,’ but not to the same degree 
as in Man: tlie ‘ anthelix,’ beginning above with both ‘ upper ’ 
and ‘ lower ’ crus, is continued to the antitragus ; both scaj)lioi<l 
navicular fossa) arc defined, as w^cll as the cavity of the*concha 
and the tragus : the lobulus is not pendant as in Man. In the 
cliimpaiizec { TroijhHhiUs nitjer) the external car is larger abso- 
lutely than in the great gorilla ( Troglodytes Gorilla). 

In all the figures of the otosteals previously given the stapes is 
drawn at right angles to its natural position, in which olily a forc- 
sliortened view of tlic bone could be had, as in fig. 178, where it 
is shown with its base n applied to the ^ fenestra ’ of the vestibule. 
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Of the throe semicireulfir eanals the shortest, e, has a nearly liori- 
zoiital position : tlui other two arc more vertical : the ujipcr one 
rises at the convexity of its curve, rf, above the level of the ujiper 
surface of the petrosal : it is that which, with its arch-ai’ea, is 
most free in in^ny lower Mammals. The lower vertical canal, c, 
unites by iti^ upper extre- 
mity with the contiguous 
one at I ; the common 
()])cning of which is shown 
at rriy fig. 163. Each of 
the semicircular canals ex- 
pands at one extremity; 
lint this is more marked 
in the membranous canals, 
tig. 165, where the dilata- 
tions, (ij 5, c, are termed 
‘ ain[)ull;e : ’ the I )ony ca- 
nals are wider in jiropor- 
tion to the membranous 
om‘S in Man than in most Mammals, and consef|uently the peri- 
lymph is more alnindant. Tins is seen in fig. 17f), which re]>r<'- 
sonts the osseous labyrinth 
laiil open, with the inem- 
hianoiis labyrinth in situ 
ol' the liuman car. Of the 
latter the part o(;cupying 
the vestibule is divided 
into the ‘ common sinus,’ 

/, and the ‘ sacculus,’ / ; 

(acli contains a mass of 
otolithic j>owdcr, A, ?/*, re- 
ceiving filaments of the 
acoustic nerve : other 
l)nishes of nerve filaments 
go to the ainpulhiry ends 
of the semicircular canals : 
the ( >pp( )si t e non-d i latcd 
tnds communicate with 
the ' common sinus ’ either 
^ojgly, at //., or by tlie 
eoajointr terrni nation < 7 . 

1 he different position»s of 
the three canals and the dilferent directions in which tlioir 
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respective waves of sound must strike upon the rich supply of 



Svi'yvii itf Jinumna’ ruid ‘ C'jmnmui.s ijiai?n 
Human, xrix". 


may have relation to the ;^ower 
of appreciating the locality oi‘ 
the source of sound, or the di- 
rection in which n: arrives. The 
branch, fig. 180, //, to the ^ ceftn- 
mon sinus ’ sjireads thereon in a 
radiated expanse : the branches, 
n, p, to the ainpulhc of the 
upper, «, and horizontal, />, 
canals, form a bifurcate*enlarge- 
ment, p,upon their outer surface. 
When the ampulla is laid open, 
as in fig. 181, the nervous fork 
is seen to protrude and push 
in a slightly curved eminence 
of the membrane, ib. A, upon 


which and the adjacent part of tlie ampulla the delicate ner- 



vous fibres resolve tliein- 
selves into a kind of retinal 
|)ulp, ib. c. 

The septal jilate (^f the 
co(‘hlea lias lent itself to a 
more favourable or distinct 
view of the termination of 
the acoustic fibrils. Fig. 182 
shows the cochlear nerve, 


isolated. If a small bit of the spiral plate, fig. 183, A, be magni- 


fied, as at IJ, the filaments, hy arc seen 
182 
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as they diverge upon 
th(' osseous part, to sub- 
side or flatten on ap- 
|)roaching the middle 
tract, and there to anas- 
tomose in loops, c ; the 
neurilemma, d, being 
continued on to blend 
with the membranous 
part of the spiral plate. 

The human tympanic 
cavity, fig, 184, is formed 
by the petrosal, the mas- 
toid, and the tyuijianic 
bone: in the dry skull d 


OKGAN OF HEAIUNG IN MAMMALIA. 


239 


communicates with the labyrinth by the foramen ovale-, ft, and fora- 
men iPOtuiuliim, c ; with the exterior of the cranium by the foramen 

auditorium oxterjium : 
but all these apertures 
are closed by membrane 
in the recent state. The 
other communications are 
with the breathing pass- 
age, back of the nose, or 
])haryiix, by the eusta- 
chiau lube, fig. 167, (U 
ft, c, wheret)y air is con- 
veyed into the tympa- 
num, and thence [masses 
into the mastoid (‘.ells. 
On the petrosal wall of 
the tympani(j cavity is 
specified the ‘ promon- 
lory,’ //, hetwoen tlic openings, ft, c,the pyramid, rf, the eminence 
of the 0 ^ 1101)^111 a(jneduct,’ c, and the groove, j\ for the internal 
ligimumt of the malleus. 

The movements of the memJmine closing tlio foramen ovale, ft, 



Ti'nuiiiai i(»ii oC onclih'.'ir iu'rv(>, more highly nugn. 
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are brought into relation with those of the inemhrane closing the 
outer auditory opening by the chain of ossicles called ^ otosteals.’ 
f Ijo memhrana tympani ’ is fixed in a groove of a bony frame 
'vhi(*,h is so far ossified as to form an incomplete ring, at the thinh 
uioiith of human fijctal life ; at the sixth month it begins to coa- 
lestie with the squamosal, fig. 185, and then to grow outward, 
forming the wall of the bottom of the auditory meatus, fig. 188, //, 
the lower part of which is the last to be completed. The drum, 
%• 186, (H)iisists of a ^proper membrane,’ with an inner layer 
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MiMn!‘nin:i tympnn? f»i(I m.iJIciis n;it. 
Pi/o ; « imior, h Inner view. 


eoiitrihiilofl l)y tlio lining of the tyfn]>niHim, aiul an outer layer liy 
that of the anditorv i»assa^e. The ])roi)er incuibrane, moreover, 

is divisible into two layers, an outer one 
^ eonsisting of fibres radiating from near 

centre, and an innrf, tliicker, loss 
<l'^5tinctly fibrous layer, but indicative 
of a contrary disjiosition of such fibres, 
M.Mn!»r.in.i ijini.:in??>ti(iniMii(iisn;it. Tlic coiisuicuous radiating fibros pass 

Pi/o; « imior. dinner view. „ ii • i* i ^ 

irom the eircunilercnce of the mem- 
brane to be fixed to the handle of the malleus. They show no 
characters of voluntary muscular fibre. 

Anthropotoiny disfiiiguishcs the following parts of the otos- 
teals: — in the hammer, ‘ nuilleus,’ fig. 166^ A ; a, bead; arti- 
i’uhir surface (adapted to h of the iiicu>s) ; c, neck ; r/, handle: 
c, short process; /, long jn’oeess: this hitter is the most con- 
stant, and is called simjdy the ‘ process’ in eomjiarative anatomy ; 
sometimes also ‘ Ivau s |)ro(X‘ss,’ from ilic descriher of* its tnu! 
shape and flattened end in Man; in the anvil, ‘ iinais,’ n ; a, body ; 
/>, arliciilar surface; c, wsbort crus; r/, long crus; c, lenticular 
process, epiphysis, or ossicle: in the stirrup, ‘ stapes,’ D; r/, head; 
A, neck ; c, anterior crus ; r/, j)osterior crus ; ]>, the base, 1’1 k‘ 
head of the malleus is lodged in the roof of the tympamim alaue 
the up|)Cr margin of the meinbrune, and sends its ^liandle ’ down 
to near its centre, as seen from without at a, from within at h, 
fig. 18(). The body of the incus lies in tlie ujipcr and back pari 
of the tymparnun ; its articular surface is directed forward, tlic 
joint with the malleus being a synovial one, with articmlar car- 
tilage and a fibrous capsule: the short crus is directed backward 
towards the mastoid cells; the long cnis descends almost parallel 
with the liandlc of the malleus, to articulate by means of tluj 
lenticular process Avith the head of the stajies, fig. 178. 

Savarl’s experiments * show that the malleus particijiatcs in the 
oscillations of the tympanic membrane; that they arc |)ropagated 
to the incus and stajies, and thus to the nienilirane of the fenestra 
ovalis. Two muscles, probably subserving volitional impulse 
through their proper nervous suj)j>ly, act upon the otostoals ; and 
from vibrations of the druin-incinbranc to wbicli those bones are 
attached, they may ho excited to act, also, automatically, "fla* 

‘ musculiis internus mallei,’ or ‘ tensor tympani,’ fig. 167, c, arises 
from the eustaehian firocess of the alisphenoid, ainl from a groove 
in the bony part of the eiistacbian tube, and passing baclovard 
forms a slender tendon, which enters the tympanum, bending at 
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nearly a rlo^lit angle, and is inserted into the luiiidle of the malleus 
below the long process, liy the ac!tion of this nuiscle the haiidle 
is drawn iiivvanl and forward, and the membrane attached to tlie 
handle is also drawn inward ami is stretched. IJesidesthc tension 
to which the memhrana tympani is thus subjecrted, the base of the 
stapes is forced against the vestibular fenestra in (*onsc(jueuce of 
the movement cormnunicated by the liead of the malleus to the 
incus, which tends to press inward the long extremity of the 
latter. The second muscle is the ^ stapideiis,' fig. l(>7,,/*: it arises 
Iroin agnjove in the ‘ pyramid,’ fig. 184, di it is inserted into the 
postcu'ior and upper part of the head of the staj)es by a slender 
tctidon, wliii'h issues by the aperture in the summit of the pyramid, 
and proceeds downward and forward to its termination. 

'flu? first effect of the action of this mus(do >vill be to press the 
posterior jairt of the base of the stapes against the vestibular 
{rncstra: at the same time the long braneli of the incus will be 
drawn backward and inward, and the head of the malleus being, 
by this mov(‘ment of the incus, pressed forwai-d and outward, its 
handle will be carried ijiward, and the membrana tympani thus 
put on tluj stretch. On the other hand, the contra(‘tion of the 
‘ tensor tympani ’ depresses the stapes and increases the tension 
f»f the fenestral jnembram^. The cessation of muscular action 
restores all the vibratile membranes to tlieir state of indifference. 
The incus, l)y its firm (!omi(?ct ion with the mastoid cells, its inter- 
mediate position, and having no muscle Inserted into it, must be 
imue limited In motion than the other two bones. 

'fhe stapidciis muscle receives a nervous filament from the facial 
aerve. The tendinous insertion of the stapes is nsnally the seat of 
ossification. Thes(? muscles have no liomologiies in Vertebrates 
devoid of tympanum and tympanic membrane : they are as purely 
independent and superadded parts of the meehanism of that ad- 
vance of the auditory organ, in Mammals, as are the ossicles they 
move. 

The cartilage described by Meckel, and representing the nian- 
<Hbular hannal arch in the embryo-skull, from the fibrous sheath 
ot which are developed the ‘tympanic’ at the upper and outer 
part and the mandible at the lower and outer part, has no such 
relation of a mould to the malleus. This ossicle, starting: as a 
'varwike prominence from the wall of the tympanic cavity, is 
precoeiousiy developed* on the inner side of Meckel’s cartilage, 
early showing its long ])roccss above and quite distinct from tlmt 
^‘arlilage or its capsule. The short crus of the ‘ incus ’ has the 
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same accidental relation to the embryonal, cartilaginous, liyoidean, 
hasinal arch described by lluschke* as extending from the mastoid 
or petro-inastoid to the upper or short horn of the hyoid (cerato- 
hyal), and from the outer ]>art of the capsule of which cartilage the 
styloid process (stylo-hyal) is ossified. Tlie sta})es first appears 
as a compressed pyramidal wart from the petrosal or inner wall ol‘ 
the tympanum, projetrting from a depression the bottom of whicJi 
becomes the fenestra vestibuli : the malleus, according to Rathke 
and Valentin,® projects, somewliat earlier, as a small wart from 
tlie back wall of the tyinpamiin. Ossification begins finst in the 
malleal wart by a point at the head, and by a second at the root 
of the long process. According to Meckel, the rudiment of the 
stai)es has grown, at the third month of the human f«ntus, to a 
cartilage representing l)oth stapes and incus, like the colmncllii 
ot* Ovlparai as such it is ossified in tlie Ornithorhynchiis. l"hc 
ossification of the columella hegins first in the ‘ ineudeal ’ part, 
extending along tlie long eras toward the stapes, which is subse- 
quently ossified, according to Ratlike, irom three nuclei, one for 
each crus and one for the base. As regards the vacuity, it docs 
not exist in the cartilage, but is produced by the modelling absorp- 
tion in the course of tlie ossification, transitorily representing the 
characters shown in the {lorpoise, seal, and bear. Abnormal 
arrests of development of the stajies in the human subject have 
been found to represent the imjierforatc avian columella and most 
of the above-cited mamnialiau conditions of tlie stapes. 

Th(? membrane lining the tymjianum, fig. 187, r/, invests the 
small bones and the tendons of their muscles where they rim f*rc(* 
i ;<7 in the cavity. A fold of it fills up the 

space bounded liy the crura and base of tin? 
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stapes. The chorda tyinpani, also, in its 
passage across the tympanum, is cnvelope^i 
by it. Lastly, it forms the inner borrowed 
layer of the inernbrana tynijiani, covering 
and adliering closely to the handle of the 
malleus. 

The nerve called Sdiorda tympamV fig. 
187, c, is continuous, as shown at p. lo7, 
fig. Li2, wjth the facial and superficial 


[letrosal nerves : it leaves the facial before the exit of the latter 
by the stylo-mastoid foramen, ascends iff its own osseous canal, 


enters the tympanic cavity, crossing the inner side of the tympamc 
bone, as in birds, advances between tlie handle of the malleus and 
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Ioii<^ rrus of the inc^u.s, and descending to the ‘ fissura Glasseri,' 
makes its exit hy the contiguous canal and foramen, descending 
niesiad of the ascending niandihiilar ramus to join the lingual nerve. 
AV’^lthin the tympanum it receives filaments from the tympanic 
l)ranch of the trigeminal. The facial nerve gives a branch to the 
stapi<leus muscle. From a ganglion of the ]mcumogastric is sent 
off the ^ ramus aurieiilaris,’ which is joined by a filament from the 
glosso-pharyngeal, and is condii<‘ted by a groove in the jugular 
fossa to the ‘ aipieduct of Fallopius : ’ here filaments arc sent to 
join the facial, and one to the nerves of the meatus and car-con(!h. 
The tympanic nerve derived from the ‘petrous’ and ‘otic’ 
ganglia, enters the tympanum near the anteri(»r margin of the 
‘ ftmestra rotunda,’ traverses the groove on the promontory, and, 
near the ‘ fenestra vestihuli,’ enters the osseous canal which leadKS 
Id the surface of the petrosal in front of the ‘ hiatus Fiillopii,’ and 
juisses to the otic ganglion. From this gan- 
glion a nerve is sent to the tensor tympani. 

The ‘ meatus auditorius cxterims,’ fig. 

IH8, is formed by bone, for a short 
extent from the druin-memhrane, /*, is 
chiefly cartilaginous in the rest of its extent, 
hut is membranous above and behind, and 
there |)orforat(‘d by the orific'es of the cerii- 
luinous follicles, o, p. The canal has an 
oval area, is about an im'h and a (|uarter in 
haigth, and is lined by a continuation of the 
5<kin of the auricle. This skin becomes more 
<l(Tieatc as it ap|)roaclies the osseous part 
of th(^ j)ass!ige — extremely so where it is continued on the 
outer surface of the membrana tymj)ani. The skin of the 
Jiuditory ])assago is covered with fine hairs, and these become 
‘le\cloj»ed at the outlet into long defensive cilia or eur-laslios, 
I he ‘ glaiuluhe ceruminosa? ’ are small round or oval bodies of 
a brownish-yellow colour, and very vascular. They are im- 
heddod in the areolaj ])resented by the dense .cellular tissue 
^vhieh cormects the skiu of the auditory j)assage to the subjacent 
rurtilage or bone. The ear-wax, cerumen^ is, as is known, a 
flfirk orange-coloured or yellowish-brown viscid substance, of an 
extremely bitter taste, and somewhat aromatic odour. When 
fh'st secreted, it is a thin, yellowish, milky fluid. It is an accessory 
<hd‘encc against the entry of insects into the meatus. The ear- 
|lnnn <!loscs the meatus obliquely from above downward and 
inward ; the bony part, /y, of the ineat\is forms a gentle curve, 
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convex upward : the nieinbraiio-cartilaghioiis continuation,/), n, //, 
describes a str(»ngcr curve, concave upwai’d, and this expands 
into the concha, c, of the ‘ pinna,’ auricle, or 

f external ear. Of this it will be only requi- 
site to indicate the parts which have received 
names in anthropotoiny, since extended to 
anatomy generally. The fold or reflected 
outer margin, fig. 189, is the ‘helix;’ 

the subparallel eminence within, A, k, is tin' 
‘anthclix:’ it is formed by the junction, at 
//, of the ‘ upper ridge,’ y', and the lower ridge, 
y, intercepting the ‘ navicular fossa,’ o. Tin; 
prominence, /w, which might be vi<iwed as the 
Lvft era, nuri, , or ‘ j.iuna, lowcr eud of tlic ai) thcllx, is Called ‘ antitragus,’ 

liutLian. X(Viti". . , . - . , 11 t . 

i)emg ojiposite the proje<*tion called ‘ tragus, /, 
which moi'c directly defends the entry, r, to the meatus: yis the 
‘ conch’ proper, or cavity of the concha: finally is the appendage 

called ‘lobule,’ ?/. With the 
exee{)tion of tlie latter, all the 
; ' ' other parts of the auricle are 

ij!'- 'if- . or less formed by cartilage, 

which, i)e- 

. .A; '''' rW sides the promineuces already 

' ‘ I ! • 'r ■ , , ‘i 

-i i ,, 'f'/fJfyj; named, there may lx; obs(;rvcn 

V • fissure, c, between the 

^ tragus aud tlie begiuniug of 

i ' i’ meatal cartilage. The skin 

' ' 'X \ '! f ■ T0'’' " covering the cartilage of the 

iidhcres intimately to its 

'‘‘‘wm sculpturcdstivface, Icssso to its 

hack and circumference: the 
I lower part of the hem-like fold 

IM W / of the helix is tbrined entirely 

c —If J kv d5 idso the lobule, as has 

already said. The skia 
Sjk ■ of the auricle contains a num- 

her ol‘ sebaceous follicles, 
ticulj|jjly in the concha 

Auricular (‘iiru!;mr froiu ix IiltuK uixJ extrinsic aroupd the entrance of the iU'- 

ditory passage. Toward tliif* 
the. channels and inetiiialities of the ear tend ultimately to convey 
the vibrations of sound. ' > 

But pale and feeble represetitatives of the auricular muscles 


yp'hmi 
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are met with in the dissection of Europeans. The ‘ attollens 
aiiricuhe ’ is the largest, fig. 190, arising from the e})icranial 
aponeurosis; its fibres converge to be inserted in tlie surface of 
the ear-eartilage next the head. The ^retrahens aurieulje/ ib. 
r, (U consists of two or ihrec fascicles arising from the mastoid 
and inserted into the back of the conch. Tlie ^ attrahens auriciilaj,’ 
ib. A, arises from tlie zygoma, and is inserted by a broad but 
short tendon into the helix near the tragus. Five groups of 
tibres have been made out in the auricle itself, and are described 
as the ‘ intrinsic muscles.’ The ‘helicalis major,’ fig. 191, a\ 
the ‘ lielicalis minor,’ ib. c ; the ‘ tragicus,’ ib. d\ the antitragicus,’ 
il). /», and the ‘ transversalis auricuhe,’ fig. 192, n. 

vMl these muscles of the human external oar exemplify the 
Lainarekian law of degeneration from disuse. In the primitive 
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mvw of tlic ‘ stone-period,’ they probably existed in normal size 
II IK I force. 

In thus concdiuliug the comparative anatomy of the organ of 
li(^aring, it has to be owned that, hitherto, the cxjierimcnts of the 
accomplished and ingenious physicists and physiologists to that 
oikI have failed to demonstrate the relations of the various 
exquisite structures to sound, in the satisfactory way in Avhich 
those of the eye are understood to relate to light. The vesti- 
hnlar part of the labyrinth may be inferred to deti€c< the presence 
and intensity of sound, especially as con veyccT through the 
t^xternal ear and tympanum. It has been conjectured and argued 
that the semicircular canals Hxe concerned In forming a judg- 
ment of the direction oi’ sounds. The cochlea receives those 
fionnds which are propagated through the bones of the head, and 
conjectured to be the medium of the perception of the pitch of 
^‘otes, and of the timbn: or quality of sounds. The tymj)aiiiim 



24(> ANATOMY 0|? VRUTEBl^ ATKS. 

affords a iion-reciprocating cavity for the free vibration oi’ its 
membrane and of the otosteals: it also renders tlie labyrinth 
independent of atmospheric vicissitinks. Tlie otosteals conduct 
vibrations from the tympanic membrane to the vestibular one, 
and, under the influence of the muscles, regulate the tension of 
both these and of the cochlear fenestra, so sis to protect the eai* 
against the effects of sounds of great intensity, 'fhe external 
ear and meatus are eollo<'tors aud conductors of vihrations, and 
the f )rmcr assists in enabling us tp judge of the direction of 
sounds. 

§217. Orc/an of Sight, — A. EgehalL The organ of sight, 
like that t)f smell, is Avanting in a few Manmials, the eyel)all 
being reduced to the size and condition of tlie ^ocellus ’ in Ain« 
blyopsis, and to its simjilc primitive office of taking cognisance 
of light, a filament of the fifth aiding the remnant of a proper 
optic nerve. The moles, especially the Italian kind, TnljHi 
c(ccAu and mole-rats, exemplify this condition, in which, as in 
SpaJax tgphhis, the skin passes over the oc'cllus w ithout any pal- 
pebral opening, or loss of hair. The eyeballs are very sniail in 
the allied genus Bathipirgaa^ fig. 174, and other rodent bnr- 
rowers; they acquire the largest alisoliite and proportional size in 
the liuininaut order. In no Mammal is hone develo[)e<l in the 

sclerotic: in most a sp(.‘ciiil ca- 
vity, called ‘ orbit,’ is fashioned 
in the facial part of' the skull to 
give lodgment to flic eye-ball. 
One sees least indication of it 
in the blind quadrupeds above 
noted and in the ant-eaters : it 
is deejiest, best defined, and 
most completely walled in Main 
In all Mammals with the eye 
developed for vsight, pro[)crly 
so called, w'e recognise, as in the. 
diagrammatic section, fig. lif^l 
the fibrous caT)sule, //, (tailed 

aiftgraniniatir Mryon uni;i«in r I x* . » i ^ 

^ ^ * sclerotic coat, the transparent 

fore part, /y, eallpd ^ cornea ; ’ the vascmlar tunic, c, called ^ choroid 
coat, becoming thickened, atr/, by the so-called ^ ciliary liganicnf ,’ 
from which the ^ ciliary processes ’ are, as it were, reflected back- 
ward upon the capsule of the lens,^*: wdiile the movable curtain, 
or Mris/ is continued onward i^to the space between h and /, 
leaving a central opening, ('.ailed ‘pupil,’ for the admission of 
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light. The choroid, c, is lined by the expansion of the optic nerve 
called ^ retina,’ which extends to the ^ ciliary processes,’ and is 
kept outstretched by the * vitreous humour ’ contained in the 
cells of the delicate membrane called ^ hyaloid,’ which restrains 
its forward advance beyond the ‘crystalline humour’ or lens,/. 
The space in front of this body is occupied by the ‘ aqueous 
humour,’ and is divided by the iris into an ‘ anterior ’ and ‘ ])OS- 
terior chamber.’ 

The rays of liglit admitted by the (iorjiea and {mpil are 
slightly refracted in traversing the aqueous humour, and arc sub- 
ject to a greater degree of convergence in passing through the 
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tienscr lens, fig, 194; when, striking the retina at the hack of 
tlie globe, they there depict the image of the visual object, in- 
verted. 

In ci’e|»uscular and luxdurnal Mammals [Ptfnvmj/s, Aye-aye, 
heinur) the cornea gains in size and convexity and the iris in 
hreadth ; the latter being capable of admitting many rays through 
a very wide pu|)il, which also it can completely close against the 
glare of noontide. The convexity of the lens is concomitantly 
increased, and it approaches the spherical form most nearly, in 
l>ats and nocturnal rodents. The vitreous humour is less in pro- 
portion to the crystalline and aqueous humours ili such eyes, lii 
aquatic Mammals, on the contrary, the ccS^ca Ifardly |)rojects 
(j^eals, whales), and there is little aqueous humom* ; here, also, the 
convexity of the lens is in excess, fig. 195, d. In most diurnal 
and terrestrial mammals, the eyeball is subsphcrical, the cornea 
slightly projecting at the fore part, as forming part of a smaller 
•'^iherc than the rest of the gloi^* The lens retains much of the 
inoportions shown in fig. 194. 
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In the Ornitkorhf/nchus the eyeball is small and spherical; 
the sclerotic iibro-cartilaginous, the cornea flabby, the retina 
thick : there is no trace of pecten or inarsupium : the lens is two 
lines in transvei*se diameter, one line in antero-posterior diameter ; 
the anterior surface is nearly flat, the |>osterior very convex. 
The choroid is black, without a tapetuiu lucidum; the pupil is 
circular. 

The anatomy of the eye offers no peculiarity illustrative of the 
affinities of the Marsupialia or of any other speciality in ' their 
economy save the nocturnal habits of the majority of the order. 
It is in relation to these habits that the lens is large and convex, 
the iris broad, the l>upil round and very dilatal)le, and the cornea 
correspondingly largo. The eye is relatively large in the swift- 
moving, far-ranging Kangaroos: 1 found the daik pigment on 
both the insiile and outside of the choroid ; the ciliary jirocesses 
are long: the lens is proportionally large. In the dead Kan- 
garoo the radiated mus(!lc of the iris is much contracted, and the 
pupil widely open. The eye is small in Didelphis virf/iniana ; 
the pupil is round: the lens very convex. 

The Liseetiiwra have small eyes: the moles least of all. In a 
great pipe-toothed {Solenodon) one foot in length, exclusive 
of tail, the jialpebral opening^ docs not exceed three lines, and 
there is no distinction between orbit and temjioral fossa. Bats 
haya'the smallest eyes of all volant Vertebrates. In llodenfs 
the size of the eyeball bears relation to tlie extimt and swiftness 
of Io(?omotion,-and is greatest in Jerboida and Lf jiorida\ Tlie 
position of the eyes is always lateral, and by the prominence of 
the cornea they arc susceptible in these timid quadrupeds of re- 
ceiving the image of a pursuer. In the hare and other rodents 
the retina seems to cxpaiid from the divisions of a cleft termina- 
tion of the optic nerve, within tlie eyeball. The pupil is round 
in most Rodents ; in a dead Agouti it was a horizontal ellipse. 
In the squirrel the ante-retral diameter of the eyeball is to the 
transverse as 11 to 12; in the hare it is as 23 to 25.* In all 
the order Brnta^jH^a eyes are relatively small; in the sloths the 
contracted pnpi{dj^a vertical slit. 

In CV/am/‘ tli^ tyes arc small, es[)ecially in relation to the 
bulk of the larger kinds : and the essenUal part of the organ is 
still less, owi ig to the thickness of the sclerotic, fig. 195, a, 
and this increases from the a<n-nea,\A, backward to the long, 

* A table of these tliiiiensions of the ej e in different Vci tebriites will be found in 
XII. iii. p. 390 ; also in cvi". 
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infundibular canal for the optic nerve,/. Outwardly the eye- 
ball is subspherical ; but, in the section figured, the contour of 
the cavity containing the vitreous humour, and lens, rf, pres(*nts 
arecllipse, with the long axis transverse : in a Balxsnovtera of 65 
feet in length, this axis measured 2^ inches, and the snorter axis 
2 inches : the posterior curve is regular ; but, toward the cornea, 
the sclerotic turns in (juickly, c, 
flattening the fore part of the eye : 
the distance between the fore part 
of the sclerotic and the bottonr of 
the eye being but inches. In 
shape the cornea is a longer ellipses 
than the eyeball, and the upper 
border is more curved than the 
lower: it is thinner at the centre 
than the cinuindcrence, and is soft 
and flaccid in the dead wdiale. The 
choroid has a silvery or bluish 
white hue on the inner surface : 
the darker pigment is limited to 
the ciliary processes and back of the iris. In a mysticcte whale 
( liaheria) the ccllulosity (‘onnecting the choroid with the sclerotic 
was of’ a light brown hue: the darker pigment extends from the 
ciliary processes a little way upon the clioroid : and in both Mtids 
of Whale is so disposed as to abs<»rb the rays of light and pite vent 
them being a second time reflected so as to disturb the spectrum 
on the back of the retina. Of the numerous minute folds which 
constitute the ciliary zone every third, fourth, or fifth is en- 
larged, and produced forward to foian a Avrinkled corrugated 
pi-occss about three lines long, compressed and terminating 
obtusely : the intermediate shorter j)rocesses are of varying 
length ; the long ciliary ])rocesscs are about seventy in number, 
ill Balmioptf ra, The ])cri|)heral radiated Contractile fibres of the 
iris, and the central circular ones, arc conspicuous on the back 
part of that curtain in whales : the front surfacashows the wavv 
vessels radiating from arterial canals whiclic sijiri^Hnd the margin 
ol the pupil which is transversely ellijtticaljt, equidistant 

canals in the thick sclerotic give i)assage to the long ciliary 
arteries and the vorticose veins tlie two arteries wliieh advance 
'll the direction of the Ipng axis of the pupil terminate in a 
canal bordering the pupil a littlc Vay from its margin : the wavy 
iranches radiate from this canal, and are prominent on the 
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anterior surface of the iris. The quantity of t!ic aqueous Inimour 
IS small : the lens, r/, is subspherical, flatter in front than behind. 
The nucleus is seen in the posterior halt’ and the surrounding la- 
niinie are reflected inward and backward towanl the middle of the 
anterior surface of the nucleus, leaving a funnel-shaped cavity in 
front of it which is filled by less dense substance. In Uyperoodon 
the pii|)il is transversely oblong with a moderate projection of 
the upper margin, reininding one of the skate’s pui)ilhiry ciirtaifi 
(vul^i. p. 334). In the Grampus the choroid presents a greenisli 
tinge; in the Porpoise it is a bhiish white. In l)otli, the pupil 
resembles that of Ht/peroodoti. The retina is thick. 

In the Seals the sclerotic is chiefly remarkable for the sudden 
thinning at tlie part corresponding with the ciliary zone ; it is 
moderately thick both in front and behind : the cornea is thin and 
flabl>y. The muscles of the eye-ball being inserte<l into the an- 
terior part of the sclerotic may shorten the axis of the eye and 
bring the lens nearer to the back of the globe, thus adapting it to 
vision in air and water. In the Hirejiia the eye is very small. 
In a Rhijtlna of 25 feet in length the eye-ball was hut 1| iin h 
in diameter: it is about 1 inch in diameter in the Diii^oriij:: the 
pupil is circular. 

I'he eye of the Klepliaiit is about 2 inches in fliaineter, re- 
minding one of that in the Whale by its small relative size : 
th«e is likewise an unusual thickness of fibrous or sclerotic sub- 
stance at the entry of the oj)tie nerve, and a similar extent of 
light-coloured tapotum within the chortdd, which tapotnm ])rcscnfs 
the fibrous type of structure; the pupil is round, the cornea is 
lafger and more convex than in Cetacea, 

In the Rhinoceros the eyeballs are of small comparative size ; 
in the Indian species which I dissected,' each measured in 
antcro-jjostcrior diameter one inch five lines, and in transvei-se 
^araeter one inch three lines. Some dark-hrown pigment lies 
under the conjunctiva for the extent of about a line from the 
circumference of the cornea : the same kind of pigment is also 
deposited upon the outside of the nictitating eyelid, and over a 
great part of the inner surface of the same part, covered of coui’se 
by a reflection of. the conjunctiva. The trunks of the vonie 
vorticosae perforate the sclerotica half-way between the entry of 
the optic nerve and the edge of tlie cornea: their disposition, with 
the flocculent hut somewhat firm connecting tissue of their 
radiating branches, presented that structure wliich most nearly 
resembled the figures given by Mr. Thomas of the parts lie 
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describes as ^ processes having a muscular appearance, with the 
fibres running forwards in a radiated direction.’* On removing 
the anterior part of the sclerotica, Avhilst the eye was suspended 
ill spirit, both the vitreous humour and tlie lens rolled out ; and 
the capsule of the lens showed no particular mark of the inser- 
tion or fixation of the ciliary proces>ses; their impressions, in 
remains of pigmental matter, were perce}»til)le on the anterior 
part of the ^ canal of Petit.’ The transverse diameter of the lens 
was six lines, the antero-postcrior diameter four. lines. The pig- 
ment was not confined to the inside of the choroid; but in both 
Khinoceroses dissected by me, 1 found on the outside of the 
chorion much loose cellular tissue, with dark pigment : this 
(roloured floccnleiit tissue concealed at first the venie vorticosic, 
even when injected. The sclerotica is one line thick at the back 
part of the eyeball ; and is thinnest near the middle of the ball, 
beixmiing thicker towards tlie cornea, which is two lines thick. 
The choroid adheres pretty strongly to the baidc part of the 
sclerotic, around the entry of the optic nerve, both by the enter- 
ing vessels and by the tenacity of its outer flocculent coat, 
especially where the vessels penetrate the sclerotica. There is 
no tapetum lucidiim. The lower eyelid lias a special depressor 
muscle.* 

The Tapir has a proportionally small eyeball. Of the PeWsso- 
dactylc groii[) the llorsc has the largest eyes, in relation its 
greatcM’ jiowers of locomotion. They are lateral, prominent, 
i*apable of direi'ting against any object in the rear, without turn 
of* the bead, the outkic’k of the hiud-lcg. 'fhe cornea inidines to 
an oval figure, the larger end being toward the nose. The tape- 
turn is of a light blue colour, aud fibrous structure : the ciliary 
pvecesses arc long; more numerous than in the ox: the pupil is 
transversely oblong, rather Avidcr on the nasal side, with a few 
processes from the upper margin. 

In tlie Hog-trihe tlie cornea is oval, with the large end in- 
ternal, or toward the nose ; the sclerotic is thin ; the jiupil is 
round; the eyeball -rather larger than the palpebral opening 
would indicate ; the inner figure of the choroid is of a shining 
chocolate colour in the common Ilog, but much darker in the 
llabyroussa. The eyes in lluminaiits arc large, lateral; the 
transvense exceeds the fore-and-aft diameter of the eyeball. In 
the Ox the latter is to the transverse diameter as 4;i to 49 ; in 
the sheep as 32 to 35. The ciliary processes are short in most, 
♦especially in some Antelopes: the retina extends far forward, 

* CVi", p. 157, pi. X., fig-s, 1“3. - v", p. .50. 
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The tapetal layer is fibrous, extensive, of almost metallic bright- 
ness; in most of a fine green colour; in a few of a bluish tint, 
with certain portions, generally toward the bottom of the eye, 
white : in the Ox the tapctum t>ccupies a broad transverse 
tract of tbc choroid. The pupil is transversely oblong, with 
the upper border somewhat festooned in the Camel, Ox, and 
Sheep. 

In the Carnivora the relative size of the eyes increases from 
the Bears to the Cats. The tapetal layer exists in most, and 
consists of obscurely nucleated cells. In the nocturnal Badger 
it is silvery white ; in the Dog and Wolf wdiitish, edged with 
blue ; in most felines of an amber, or golden, or greenish hue, 
with a lighter tract of crescentic form, curving round the lower 
part of the entry of the optic nerve. In the Lion, the greater 
extent of tapetum is below the nerve ; only a small portion above : 
the general form of the whole tapctum is broadly crescentic in 
Felines. In tlic small crepuscular Cats the pupil contracts to 
a vertical slit; in the larger diurnal felines it is circular. The 
optic nerve penetrates more nearly the axis of the eyeball in 
Carnivores than in Ruminants: the. ciliary folds are h>ng, espe- 
cially in dhe Lynx, in which the retina does not reach the 
meridian of the eyeball : it is also very thin. 

Iti the nocturnal Quadrumana the main modifications of the eye- 
balliiave been noted ; the large and prominent cornea, the unusu- 
ally convex lens, the broad iris and circular i)upil, and the patch 
of tapetum, are well exemplified in the dissection ol* the eyes of 
Stenopa grncilisy in xx, vol. iii. p. 158, no. 170(5. 1 found als(» a 

delicate tapetum at the back of the eye in CfnromyH ; but the 
light is less brightly reflected from the living eyes of the Aye- 
aye than from those of the slow Lemurs. Tlie lens is almost 
spherical in Perodicticus, In no Lemurine has the retinal spot 
been found ; but there seoms to be a minute fold or crease in its 
place. This s|)ot, fig. 201, a, due to a thinning there of the 
retina, defined by a yellowish border, aecoinj)aTiied, usually, in 
the dead eye, with a slight crease, and situated in or very near 
the axis of vision, exists in the catarrhinc Qnadruviana as in 
Man. The sclerotic seems, in most, to he somewhat thinner than 
in Man and to take more readily the stain of the choroidal pig- 
ment after deatli. In no Quadruniana^dovQ the Lemurs is there 
a tapetum. 

The human eyeball is in some individuals a s])here ; in most 
the antero-})Ostcrior is rather less than the transverse dia- 
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meter. ‘ The sclerotic, or timica albuginea,’ is of a fibrous 
structure, and so much as is visible at the fore-part of the globe 
forms the white of the eye:’ being thinner here than behind, 
the dark choroid appearing through it sometimes gives it a bluisli 
tint; it resumes thickness near the cornea. This, %. 19;},/., 
forms the segment of a smaller sphere than the rest of the eye- 
ball ; it is perfectly transparent in tlie living eye, and consists of 
a proper tunic, a most delicate continuation of conjunctive mem- 
brane, fig. 207, //, over the outer surface, and an elastic layer on 
tlie inner surface with which the membrane of the aqueous 
Immoiir is hlcnded : the proper tunic is laminated. It is iiiti- 
rnately connected Avith the sclerotic; the elastic layer is con- 
tinued beneath the sclerotic, ‘ as if slipped between it and the 
cJliary ligament,' fig. 1 93, (L The choroid is the vascular tunic of 
tlie eye and is stained, in Man, within and without with a deej) 
brown or black pigment : the outer surface is flocculent, through 
the attachment to the ccllulosity uniting it vvitli the sclerotic : the 
inner surface is smooth, Miighly and inliiutely vascular: tliis 
surfac^e, artlfunally separated from the outer surfa<‘e supporting, 
as in fig. 196, the trunks and larger branches of the vessels and 
nerves, was termed the HuuicaRuyschiana.’ The arteries supplying 
the choroid arc the ^ short ciliary:’ the ]<)6 


^ long ciliary ’ arteries are cliiefly distri- 
buted to the iris, and also give anterior 
braiiebes to the sclerotic!. The veins 
of the choroid converge in arches to 
lour or five trunks whicrli pierce the 
sclerotic at ecpial distance from each 
other behind the middle of the eyeball: 

IVoin this disposition, shown in fig. 196, 
they are termed ^ veme vorticosie.’ The 
chonfid receives minute branches from 
the ciliary nerves in tht?ir passage to 
the iris. On the outer part and anterior border of the choroid 
is a circle of grey softish substance, applied, like a band, round 
the margin of the ap(jrture into which the iris is fitted : it 
adheres closely to the sclerotic at the line of the attachment 
of the cornea. The ciliary nerves penetrate and subdivide in 
this zone, which is termed ‘ ciliary ligament,’ fig. 197, «. On the 
inner surface of the anterior border of the choroid is a circle of 
longitudinal folds of that meijvbrane, called ‘ ciliary processes,’ 
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collectively ^ ciliary zone,’ or ‘ corpus ciliare,’ fig, 198. Of these 
folds, in Man, there are from sixty to seventy, fil)oiit two lines in 
length, hut alternately a little longer and shorter. Tlic free central 
or internal border of the fold 
sinks into the (*onti«:uons hva- 
loid membrane, round the cir- 
cniuference of the crystalline 
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lens, the anterior ends of the processes proje(*t into tlie posterior 
chamber of the aqueous humour, touching the iris, and bounding 
]ieripberally that chamber, llie circular screen or curtain at- 
tachi^d at its peri[>ijery to the ciliary ligament, and interposed 

between the cornea and lens 
is called the ‘iris;’ its aper- 
ture is the *])Upil,’ which is 
nearly in the «'entre of the 
disc, but a little toward tlu? 
nasal side. The anterior sur- 
face (>f the iris, fig. 199, pre- 
sents linear elevations, irre- 
gular in size and number, 
eoiiverij^ino: to a circular one 
about til of an inch from the 
margin of tlie pupil : from the 
‘ circle ’ numerous minute strife 
converge to the margin itself. 
The anterior surface is the seat 
of that variety of colour, to which, in common parlance, the colour 
of the eye itself is attril)ut(‘d. The posterior surface of the iris is 
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covered by a thick layer of Hack pigment which when removed 
cxf)Oses a number of lines converging from the ciliary folds to 
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within a short distance of the pupil; this is iimnediately en- 
circled by a band, ^^j^th inch in breadth, which is the orbicular or 
spliincteiMnuscle. The radiating lines, by analogy with the eye 
of the Whale and (jliraffe, indicate the Slilator fibres’ of the 
])n{)il. The peculiar contractile office or iniiseular character of 
the iris calls for the large supply of nerves; it is also highly 
vascular. The two long ciliary arteries which penetrate the 
sclerotic posteriorly, advance horizontally, about the middle of 
the eyeball, between that memlirane and tlie choroid, to the iris, 
where each divides into two braiudies, which proceed rouT;d the 
circumference and inosculate with each other, thus forminj!: an 
arterial cinde, from whhdi numberless branches converge to the 
pupil. The nerves are derived from the tliird and fifth pairs, 
with communications fnun the sympathetic, and consequently 
having connections with the sixth. They penetrate the sclerotic 
posteriorly, and advaiuic towards the iris between the sclerotic 
and choroid, about fifteen or twenty in number : arrived at the 
ciliary ligament, they divide at acute angles, as in fig. 11)7, and 
may be tracked through 
this structure until they 
are finally lost in the 
iris. The o])tic nerve, 
on entering tlie orbit, 
bends a little forward 
and enters the eye about 
nn eighth of an inch be- 
low and interind to tlu^ 
axis of the globe: it un- 
dergoes a (ronstriction, 
a.s .11 fig. 200, a, just 
before jiierciug the scle- 
n)tie: on entering the cavity of the eyeball the neurinc forms a 
''light prominence, before exjianding into the sheet called ^ retina.’ 
I he branch of tin? ophthalmic artery wdiich penetrates the ojitic 
Herve before it reaches the eye, emerges from the centre of the ter- 
annal })roinincnce by tlie ‘ porus opticus,’ and ramifies, as ‘ arteria 
ecntralis retina?,’ upon the vascular layer adherent to the hyaloid 
nieinhraue of the vitreous humour. The microscopic character of 
llic retina itself is given in vol. i. p. 332. It is covered externally 
kv a delicate transparent membrane, by which the retina is 
(onneeted wdtli the Kuyschian layer of the choroid. In tJie 
Iforse, Ox, and Sheep, this membrane is more easily demonstrated 
than in Man, wdiere it is obscured by the black pigment: the 
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subjoiiitid cut (fij/:. 201, li) gives Dr. Jacob's illustration of tliis 
membrane as partly reflected from the back of the retina. In the 
centre of the retina and axis of vision is a speck which yetains its 
transpareiK^y when tlie rest of the nervous expansion has become 
oj)aque after death ; this speck is margined by a yellowish tint; 
and in the dead eye one or more short delicate folds pucker the 
contiguous retina. Jt was regardetl as a natural perforation by 
its discoverer, and luis been called the ‘ foramen of Soeminerring : ’ 
it is a inodifieation of the retina. The relative position of the 
‘ macula centralis ’ to the termination of the optic nerve, when<!(‘ 
the brandies of the arteria centralis diverge, is shown in fig. 
201, A, The retinal neiirine tennindles at the posterior margin 
of the ciliary l)ody. The vitreous humour, which mainly main- 



tains the sphericity of the 
eye, consists of water, 98*40 ; 
chloride of sodium with a lit- 
tle extractive matter, 1*42; 
albumen, 0*16; a substance 
soluble in water, 0*02. It 
is lodged in the cells of the 
hyaloid membrane, receives 
in an antfu’ior depression 
the crystalline lens, fig. 202, 
from the circumfevence 
of Avliich it IS extended to 


thfe ^interior extremities of the ciliary [n*o(‘esse.s, shows their im- 
pressions at r, and bounds the posterior chamber of the aqueous 

humour. The cellular structure of 
the ))art of the hyaloid at the cir- 
ciiinference of the lens when demon- 
strated by inflation or injection, pro- 
duces the appearance shown at />, 
called by its describer Petit, ‘ canal 
godroiine:’ the folds of the hyaloid in 
relation to tlie ciliary processes form 
the ^ corona ciliaris,’ ib. c. In the 
human crystalline lens the anterior 
is to the posterior convexity as 4 to 
3 : the transverse diameter is from 4 

vitreous lunnourwitii hjaliiiij inwnil.ranc ana t .1 .1 • i . 

jcii», piio'vjiimt the * rauai or I'l.iit’ juiu to 4^ llncs, the thickiiess 01 axi- 

corona Ciliaris; u.a.u. cV'. dcgreCS of 

convexity of botli surfaces vary at different periods of 
In fig. 203, A shows the lens of a six-months’ feetus, 
a child of six years, c, of an adult of middle age: after fifty 
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it becomes rather flatter and also firmer in texture. The density 
of the lens is not the same throughout, the sin-face being nearly 
Hiiid, while the centre scarcely yields to the pressure of the 
finger and thumb, especially in advanced 
life. The eve is thus rendered achro- 

^ ^ ^ A a 

uiatic. The specific gravity of the lens 
to water is as 10024 to 10000: the re- I 
fractive power of the centre of the lens ] 
is to that of water as 18 to 7. Brewster CrysUlllne liuiijun, at different 
found the following to be the refractive »scs, iMt.bize. tv 

powers of the different humours of tlie human eye, the ray of 
light being incident upon ttiem from tlie eye : ^ aqueous InJtnour, 
1*336; crystalline, surface 1*3767, centre 1*3990, mean 1*3839 ; 
vitreous humour, 1*3394. But as the rays refracted by the aque- 
ous humour pass into the crystalline, and those from the crys- 
talline into the vitreous humour, the indices of refraction of the 
separating surface of these humours will be, from the aqueous 
humour to the outer coat of the crystalline, 1*0466 ; from the 
aqueous humour to the crystalline, using the mean index, 1*0353 ; 
from the vitreous to the outer coat of the crystalline, 1*0445; 
from the \’itreous to the ciystal- 

line, using the mean index, a * i? 

1*0332.’ If the lens with the ^ 
capsule attached to the hyaloid nj 
inornbrane be placed in water, the 
following day it is found slightly ,i 
epa(|ue or opaline, and split into 
>5everal portions by fissures ex- 
tending from the centre to the 
circumference, as in fig. 204, n. A, C'r.r»ialUiio Iciiw, iiatural slate; u, periitheral 

h * 11 1 . ~ 1 softer portion fissured by action of -water; 

allowed, to remain some days resolution of nucleus into nbres, magnl- 
in water, it continues to expand ' 

and unfold itself ; and if then transferred to spirit and hardened, 
it may be unravelled by dissection, fig. 204, c, and its fibrous 
•'Structure demonstrated. 


A, C'ry»ialUiio lens, iiHtural slate; u, peripheral 
softer portion fissured by action of water; 

resolution of nucleus Into fibres, magni- 
fied. cv". 


In Man and Mammals generally three septa diverge from each 
lH)le of the lens at angles of 120°, the septa of the posterior sur- 
baie bisecting the angles formed by the septa of the anterior sur- 
hico : the fibres diverge from these septa as shown in fig. 205. 
Uie denticulated structure by w^hich the fibres are laterally united, 
interlock, is shown in voL i. p. 333, fig. 217, in the crystalline 
htns of a cod. The human lens is inclosed in a transparent, 
elastic capsule. A branch of the ^ arteria centralis retinse ’ 
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attains the }>ack part of the capsule, and ramifies richly thereon, 
in the fetus. 

^ The aqueous humour lodged in the chamber between h and / 
fig. 193, has a refractive jH>vver very little higher than that of 
water; 100 parts consisting of 98-l() of water, M5 of chloride 
ot sodiiun, and 0*7f5 of extractive matter soluble in water, with the 
merest trace of albumen : it is secreted by the membrane lining 
the chamber. ^ 

J'.. Apjwnddf/es of the Eije, — The muscles moving the human 
eyeball are the four straiglit and two oblique ones. In loAvor 

^Quadrumana a few fibres 
seem to be detached from 
the inner part of the origin 
of the recti to be inserted 
into the sclerotic nearer tin; 
entry of the optic nerve. 
This is the remnant (d‘ 
a stronger muscle, whicli 
in other Mammals, with 
few exceptions, sniTOiinds 
the optic nerve, expand- 
ing, funnel-wise, as it ap- 
j>r()aches the back of the 
eyeball : it is called the 
^ clioanoid muscle,’ or ms- 
pr/isor oculi\ and is supplied 
by a branch of the sixth 
cerebral nerve. In Cctocea it is divided into four short nins- 
ch*s, |)araUc!ing the longer recti, but of greater breadth and 
almost continuous ; they are inserted into the sclerotic 1)ehind 
the transverse axis of the cye-l)all. The narrower and longoT 
recti muscles expand to be inserted anterior to that axis. The 
sui)erior obli{|ue arising, with them, above the foramen opticuin, 
lias the course of its fibres changed, as usual, by a pulley at the 
upper and fore })ai't of the orliit, but in passing through the sub- 
stance whi(rh serves as the trochlea, the muscle is only partially 
tendinous and little diminished in diameter. The inferior oblhiuc 
is long, and broad at its insertion. 

In the R!iino(!cros the fasciculi of the clioanoid muscles have 
coalesced into two masses: in most quadrupeds they form a 
single ‘ infundibular suspensor.^ The cellular tissue is more 
or less condensed between the insertions of the choanoid and 
the fleshy parts of the recti muscles, and in Man between these 
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and the eyeball, the recti perforating this layer or sheath before 
expanding to their insertions. The upper one, ‘ rectus superior,’ 
directs the cornea upward, the ^rectus inferior ’ downward, the 
^ rectus externus’ outward, the ^rectus internus ’ inward or 
toward tlie nose ; the ^ recti ’ antagonising, or combining with, 
each otl»cr in all the degrees required to make the cornea assume 
any intermediate direction : they can thus produce the move- 
incuts analog^ous to the ^ circumduction ’ of a limb ; in doing 
wliich the centre of the cornea describes a circle. For ^rotation’ 
of the eyeball, in which this corneal centre remains fixed as the 
fore end of an axis, the two muscles called ^ oblique’ arc added. 

In Mammals tlic ‘su])erior oblique’ arises from the back part 
of the orhit with the recti, advances to the upper part of the rim, 
glides there through a teiidliious pulley, returns toward the eye- 
ball, is reflected backward and outward beneath the rectus 
superior, and is inserted into the sclerotic between this muscle 
and the rectus externus. The inferior oblique takes its origin, 
in advance of the eycliall, from the orbital plate of the maxillary; 
passes outwanl and backward beneath tlie ‘ rectus inferior,’ and 
is inserted into the outer and back part of tlie sclerotic. The 
two ol)lique are so disposed as to act, wlien antagonising each 
oilier, in rotating the eyeball on its antcro-posterior axis : when 
combining in action they tend to draw forward tlie eye, and thus 
antagonise the recti muscles collectively. The trochlear arrange- 
ineut of the sujicrior oblicpie is peculiar to the present class. 

As liabitually aiitagonlstic muscles have nerves from distinct 
Sources, the rectus abdiu^tor is svqiplied by the ^ sixth ’ nerve, the 
rcetiis adductor by tlie ^ third.’ The superior oblique, which 
‘Opposes the Inferior one in most movements, is supplied by tlie 
* fourth ’ nerve. As the deprossi<ni of the eyeball can be per- 
turined by the superior oblicpie if the dcnvnward motion be 
directed by the lateral muscles, it sufli(!cs that it should have the 
separate nerve (fourth) for that motion as for antagonising 
tlie inferior oblique, which, like the up})er, lower, and iuncr recti, 

supplied hy the ‘ third nerve.’ 

In Cetacea the eyelids are represented by a continuous circular 
fold of the skin, leaving a roujid opening in front of the eye with 
a narroAv margin unprovided with eyelashes. This ^ palpebral ’ 
opening is closed by an orbicular muscle or sphincter, and is 
^■'Vpanded by four broad, thin, almost continuous muscles (in the 
Poipoise). The ‘ tunica conjunctiva,’ fig. 195, y, lines the circular 

tor Iluntor s excellent remarks ou * tlio use of tlio Oblique Muscles,’ see xciv. 
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eyelid, and is reflected upon the eyeball, near its middle. At 
the line of reflection are the orifices of a zone of ‘ Meibomian ’ 
follicles: an aggregate of somewhat more complex ones at the 
inner side of the eyeball represents a Ilarderian ’ gland. There 
is no true lacrymal gland, nor any ^ third ’ or nictitating lid. 
The presence of this eyelid distinguishes the Sirenia from the 
Cetacea;^ and the Ilarderian gland is more distinctly developed. 
In Seals the circular eyelid is supplied by four dilators 
and a sphincter, as in Whales ; but an external groove 
at the inner eanthiis indicates the division of the horizontal 
eyelids : the nictitating membrane is well developed and the 
Ilarderian gland at its base is large. In the Elephant the 
‘ third ’ or vertical eyelid is supported by a flat, slightly curved 
cartilage, which becomes thinner as it is attached to the concave 
free margin : the Ilarderian is continued as in Cetacea, irom 
a group of smaller mucous glands, which have many excretory 
orifices upon the margin of the third eyelid, but its princi])al 
duct terminates upon the iimer surface near the base of that lirl. 
There is a sj)ecial ^ nictitator ’ muscle, the fibres of which pass at 
first over the base of the membrane ifi a curves then form an 
angle to include the extremity of the nictitating cartilage, which 
is consequently moved in the iliagonal ol‘ the contracting forces, 
and pushed forward and outward over the front of the eyeball. 
In the Khinocoros tlie lowx*r eyelid has a de|>rossor muscle. The 
Ilarderian gland is large in the Hog-tribe ; its duct opens upon 
the lower |»art of the inner surface of the imnnbraiie : it co-exists 
with a ‘ car Linen la lacrymalis.’ There is a small lacrymal gland 
the duct of which ojiens uy)ou the inner surface of the upper 
eyelid: the margin of this is jirovided witli a row of stiff, unequal 
cilia, beneath which arc orifices of the ‘ Meibomian glands.’ in 
most Ungulates the base of the third eyedid is buried in a fatty 
and fibrous substance. In the Sheep a large ‘ caruncula’ co- 
exists with the Ilarderian and lacrymal glands. The upper eyelid 
has cilia in all K urn i riant s. ddie margins of the lids arnl the 
conjunctiva arc charged with black pigment in the Girafie; and 
the cilia of the upper lid are very long. 

The eye is prr)tected, in the Ornitliorhynchus, by a cartila- 
ginous plate continued from the ripper part of the orbit, com- 
parable with the palpebral [dates in the ci’ocodile. Both the water 
Moiiotrcme and the Echhlna have a well developed membrana 
nictitans: there are also an upper and a lowxr eyelid, each 
of which has its jrroper apertor muscle. In Marsupials, the 
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Harderian gland and the retractor oculi co-exist, as usual, with the 
nictitating eyelid. This is largely developed, and the conjunctiva 
(‘overing its free margin is stained black. Beneath the upper eyelid, 
in tlie Kangaroo, there is a cartilaginous ridge having the conjunc- 
tiva reflected overdt. There are no palpebral cilia in Didelphis. 

The Harderian gland subserves the movements of the third 
or nictitating lid, and with the choanoid muscle, are present in 
all quadrupeds up to the Quadrumcma. In these, as in Man, the 


third lid is reduced to a 
small fold, fig. 206, at 
the inner cantlius, within 
and projecting a little be- 
yond the vascular protu- 
benince called ‘ carunctila 
lacrymalis,’ ib. / : the Har- 
(lorian gland ceases to be 
developed : the true lacry- 
inal gland at the upper and 
tnitcr part of the orbit, fig. 
209, A, /, is large. In fig. 
20() tlie orifices of the ^ tar- 
sal ’ or ^ meibomian ’ glands 
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Tin* oyoUrtsi of tho U*ft elde opened, xcviir'. 


are shown at a. In Man and Qiiadrumana the upper of the 


two horizontal lids is the largest and most movable, contrary to 
tlu' ease in most loAver Mammals. 207 


Tlu* fibrous tissue within that fold 
ofskin is now condensed to form 
a Marsal cartilage,’ largest and 
most cons])icuons in the upper lid, 
of which it fi>rms the basis : its 
straight and thick border consti- 
Oites the ciliary margin. In the 
lower lid the so-called ^ cartilage ’ 
is hardly more developed than it 
IS in both lids of quadrupeds. The 
nieibomian follicles extend into the 



lihrous (lower lid) or fibrocartilaginous (upper lid) tissue. The 
muscle closing the lids is the " orbicularis palpebrarum,’ fig. 29, 0. 
The upper lid is raisetl by a special muscle, ‘ levator pal- 
pebras superioris,’ which extends from the upper border of 
'be optic foramen, to the tarsal fibro-cartilage. The lower lid 
the relaxation of the ‘ orbicularis’ which draws it up, falls 
<l‘)wn by its own elasticity : rarely in Mammals has it a proper 
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LaiT.viiial irlrnnl, left 
si ll*, ex". 


depressor. The outer border of the ciliary margin of both 
lids is provided, in Man, with eye-lashes, fig. 207, the orifices of 
which, wlicii }>lnckcd out, are shown at A, fig. 206. In this 
figure h is the ^ outer cauthus,’ c tlie ‘ inner canthus,’ d lacrynial 
]>apilla or ^ puuctum ’ of the upper lid ; r?, the same of the lower 
lid ; f\ the la(?rymal caruncle ; </, the semilunar fold re])resenting 
the ‘ third eyelid,’ and now forming the bottom of the ^ laciis 
lacrymalis ’ within the fissure of the inner canthus ; the eye- 
brow. In the section of the outer parts of the eyelids, iii fig. 

207, is shown the line of reflection of the con- 
junctive membrane upon the eyeball, //, at the 
n|»]KT and outer part of which line open the 9 
12 orifices of the ducts (»f the lacrvmal gland, into 
which bristles have been inserted. 

The gland, fig. 208, consists of an ii]>j>er jM)r- 
tion <7, f/, which is lodged in the slialhnv depres- 
sion at the outer side of the roof of the orl)it. 
and a lower thinner portion, A, A, wliicb is a Ioosim* 
aggregate of lobules extending into the substance 
of t)ie upper eyelid. Tlie fluid contributed ly 
the Ia<*ryrnal and meil)()mian glands to the conjunctival cavity, 
after being spread by the winking movements of the lids over 

the front of the eyeball, is carried 
along the groove Ibi'ined by the 
margins of the closed lids to tlie 
inner canthus, and is there im- 
bibed by tlie ^ piincta lacrymalia,’. 
fig. 209, a, a. From each of these 
orifices a canal Is continued, ascend- 
ing in the u|>per, descending in the 
lower lid; in both, then, liending at 
an acute angle and converging to a 
long dilated receptacle, f\ //, called 
‘ lacryimil sac.’ The large blind 
end, c, is dircicted upward; the sac 
grarlually contraids, A, to the ‘ nasal 
duct,’ /, which ojiens into tlie infe- 
• rior meatus, fig. 1.52, A, of the nose. 

In all Mamitials with divided or horizontal eyelids there is a 
similar provision for carrying off' the waste lubricating fluid of the 
eyeball. In Man, in whom the true lacrynial gland is relatively 
largest, its peculiar secretion — the tears — when cinotioiinlly 
sccT’cted in excess, overflows the paljiebral groove. 
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C. Parallel betiveen eye and ear . — The author of the excellent 
articles, xcvii" and ex'" lias drawn a parallel between the eye and 
ear which, in the main, appears to me to express justly the ‘ serial 
homologies’ of the parts of those sense-organs. I include, how- 
ever, the consideration of the cavities in which they are respec- 
tively lodged. The "^ otoerane ’ parallels the ^ orbit.’ The homo- 
logy is masked by the deeper situation of the formei*, its commu- 
nication rather with the interior than Avith the exterior of the 
(jranium, and its more frequent coalescence with the fixed bony 
sense-capsule which it includes. In some Mammals, however, 
that capsule retains its primitive and typical distinctness, and 
can be removed from the otocrane.^ This is, then, seen to 
l»o formed by the cxoccipital and alisphenoid, the mastoid, the 
tympanic, and, in Mammals, the cxjianded ami intercalated squa- 
mosal. The primitive bony nuclei of the capsule which appear 
round the fenestra rotunda, on the outer end of the ujipor verti(^al 
semicircular canal, and on the middle of the hinder A^rtical 
scinioircnlar canal, extend to form the bony labyrinth, and are 
wholly independent of the centres from which the ossilication of 
the mastoid or ot.icr otocranial bones begins. The addition of 
l)ony matter envelopes in various degrees the first formed part ol‘ 
the ea|Ksiile, called ‘ bony labyrinth,’ and constitutes, therewith, the 
‘petrosal.’ This capsule of the ear corresponds with the sclerotic 
in the eye ; which, in many Vertebrates, becomes the seat of 
ossification, and in some e.g., fig. 195, «) is thickened as , 

innch out of proportion to the nervous and vascular j)arts of the 
essential organ it contains, as is the petrosal. The orifice by wbicli 
ihe optic fierve enters the eye-bulb answers to the foramen andi- 
t<^rium internum. The membranous labyrinth ansAvers to the 
)>arts of the eyeball Avithin the sclerotic. The delicate Avascular 
external tissue of the labyrinth, frequently exhibiting pigment- 
sjKjcks, ansAvers to the choroid, the ex])ansions of the acoustic 
nerves to the retina, the cudolymph to the vitreous humour. The 
finid in the space between the sclerotic and choroid, including the 
aqueous humour, represents the jx^rilymph. Wharton tToncs 
eoinpares the ‘ lens ’ to the * otolites. 

I f Ave compare the conjunctival space in front of the eyeball Avitli 
fhe tympanic cavity, and the duct therefrom leading to the nose 
" Jtli the eustachian tube, then the anterior opening of the sclerotic 
null answer to the fenestra vestibuli, and the membrane closing 
or cornea, to that Avhich closes the fenestra. In mammals 
Ihc open movable eyelids seem very remote analogues to the 

* XLIV. \). * XOVll". ]>. 502. 
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external membrane closing the tympanum : but they are super- 
added developments to the true serial homologue of the tympanic 
membrane, shown in Reptilia, vol. i. p. 338, 339, fig. 220 ; and 
which disappears or blends with the later added developments of 
integument with special cartilages, muscles, and glandules, and 
which truly parallel the * pinna’ of the ear. In the eyelids, the 
meibomian follicles repeat the ceruminous ones, and the eyelashes, 
the cilia which guard the entry to the meatus auditorius. Wharton 
Jones compares the muscles of the eyeball to those of the otost^^ls, 
and I concur, with him, in accepting the opinion of Weber as to 
the special relation of both to their respective Organs of Sense, 
and as to their being parts superadd ed to the elements of the ver- 
tebral skeleton. But I believe that the divergence of functions 
so governs the development of special motive organs and ossicles 
as to remove the ground for safely or usefully homoh)gising such 
parts, and I refrain from going beyond the serial repetitions in the 
eye and ear which are above indicated; 
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CHAPTER XXIX. 

DENTAL SYSTEM OF MAMMALIA. 

§ 218. General characters of the Teeth. — The present class in- 
cludes a few genera and species that are devoid of teeth; the 
true ant-eaters (J/y/?wcc7>/;//aya\ the scaly ant^-eatcrs and 

the spiny rnonotrematous ant-eater (Echidnaf are examples of 
strictly edentulous Mammals : Ornithorhynchus has horny teeth ; 
the whales {Baleena, BalePMoptera) have transitory embryonic 
calcified teeth, fig. 219, succeeiled by whalebone substitutes, 
fig. 217, in the upper jaw. The female Narwhal seems to be 
ccicntulous, but has the germs of two tusks in the substance of the 
upper jaw-bones : one of these so remains ; the other becomes 
developed into a large horn-like weapon in the male Narwhal, 
fig. 220, A, and suggested to I^innajus the name, for its genus, of 
Monodon: but the tusk is never median, like the truly single 
iooih on the palate of the Myxine ; and occasionally both tusks 
are developed. In Hyperoiklon the teeth are reduced in the 
adult to two in number, whence the specific name, //. hidens ; 
hut they are very small and confined to the lower jaw . Ziphius 
has tw^o teeth of functional size and shape, one in each ramus of 
the lower jaw ; and this is perhaps a sexual character. The 
has five teeth on each side of the low’^erjaw: 
hut they soon become reduced to twD. The Marsupial genus 
Tarsipes is remarkable for the jiaucity as well as miniitenoss of 
its teeth. The Elephant has never more than one entire molar, 
or parts of two, in use on each side of the upper and lower jaws, 
to Avhich are added two tusks, more or less developed, in the upper 
jaw. Some Rodents, Ilydromys^ e. g,, have two grinders on each 
*^ide of both jaws, which, added to the four cutting teeth in front, 
make twelve in all ; the common number of teeth in this order is 
twenty ; blit tlie hares and rabbits have twenty-eight teeth, 
file sloth has eighteen teeth. The number of teeth, thirty-two, 
which characterises man, the apes of the Old World, and the true 
Ruminants, is the average one of the class Mammalia; but the 
typical number is forty-four. The examples of excessive number 
ut teeth are presented, in the order Bruta^ by the Priodont 
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Armadillo, which has ninety-eight teeth ; and in the Cetaceous 
order by the Cachalot, which has upwards of sixty teeth, though 
.most of them are confined to the lower jaw^; by the common 
porpoise, which has between eighty and ninety teeth; by the 
(jangetic dol{)hin, which has one hundred and twenty teeth ; and 
by the true dolphins {D€lphimis\ which have from one hundred 
to one hundred and ninety teeth, yielding the maximum number 
in the class Mammalia, 

Where the teeth are in excessive number, as in the species 
above cited, they are small, equal, or sub-equal, and of a simple 
conical form ; pointed, and slightly recurved in the common 
dolphin ; with a broad and flattened base in the Gauge tic dolphin ; 
w'ith the crown compressed and expanded in the jmrpoise ; com- 
pressed, but truncate, and equal wdth the fang, in Priodon, The 
compressed triangular teeth become coarsely notched or dentated 
at the hinder part of the series in the great extinct cetaceous 
Zeufflodon, The simple dentition of the smaller Armadillos, of 
the Orycterope, and of the three-toed Sloth, presents a difference 
in the size, but little variety in the shape of the teeth, which ar(‘ 
snbcylindrical wdth broad triturating surfaces; in the two-toed 
Sloth, the two anterior teeth of the upper jaw^ are longer and 
larger than the rest, and adapted for piercing and tearing, 
fig. 215. 

Teeth are fixed, as a general, rule, in all Vertebrates. In 
Mammals the movements of the teeth depend on those of the 
jaw-bones supporting them, but appear to be indcj)endent in the 
ratio of the size of the tooth to the bone to wduoh it is attached : 
the seemingly individual movements of divarication and approxi- 
mation observable in the large lower incisors of the Bathyenjm 
and Macropus^^ are due entirely to the yielding nature of the 
symphysis uniting tlie tw'o rami of the lower jaw, in which those 
incisors are deef>ly and firmly implanted. 

In Man, where the premaxillaries early coalesce wdth the 
maxillary hones, wdiere the jaws arc very short, and the crowns of 
the teeth are of equal lengtli, there is no interspace or ‘ diastema’ 
in the dental scries ()f either jaw, and the teeth derive some 
additional fixity by their close apposition and mutual pressure. 
No inferior Mammal now ])resentH this cliaracter; but its im- 
portance, as associated with the peculiar attributes of the human 
organisation, lias been somewhat diminished by the discovery of 
a like contiguous arrangefnent of the teeth in the jaws of a few 
extinct quadrupeds ; e. g., Anoplotluirmm^ Nesodorii and Dichodon} 

' XXV'\ vul. i. p. 285. a ci.xxx. 1*30. 
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The teeth in Mamnials, as in the foregoing classes, are formed 
by superadditioii of the hardening salts to pre-existing moulds of 
animal pulp or membrane, organised so as to insure the arrange- 
ment of the earthy particles according to that pattern 'which cha- 
ra(!terises cacli constituent texture of the tooth, together with a 
(‘oursc of vitalising plasma through its tissue. 

The complexity of the primordial basis, or ^matrix,’ corre- 
sponds, therefore, with that of the fully-formed tooth, and is 
least" remarkable in those conical teeth winch consist only of* 
dentine and cement. The primary pulp, fig. 129, which 
first appears. as a papilla rising from the free surface of the 
idv(H)lar gum, is the part of the matrix which, by its calcification, 
consfitutes the dentine. In simple teeth, the secondary, or 
(‘luimel pulp, covers the dentinal pulp like a cap; in comidex 
teeth it sends processes into depressions of the coronal part of the 
dentinal * pulp, which vary in depth, breadth, direction, and 
number, in the different groups of the herbivorous and omni- 
vorous (juadru])cds. The dentinal pulp, thus penetrated, ofters 
corresponding eomplications of form; and, as the capsule follows 
the enamel pulp in all its folds and processes, the external cavities 
or interspaC/CS of the dentine become occupied by enamel and 
cement — the cement, like the capsule which formed it, being the 
nutermost sulistaneo, fig. 237, c, and the enamel, ib. c, being iri- 
t(M*poscd betAveen it and the dentine, ih. d. Tlie dental matrix 
l»res(‘nts tlie most extensive interdigitation of the dentinal and 
enamel j)ul])s in the Wart-hog, Ciipybara, and Elejdiant. 

Tlie matrix of the mammalian tooth sinks into a furroAV, and 
soon becomes inclosed in a cell in the substance of the jaAv-bone, 
from Avhiirh the croAvn of the groAving tooth extricates itself by 
exeiting the absorbent process, Avhilst the cell is deepened by the 
i?aine jirocess, and by the growth of the jaAv, into an alveolus for 
the root of the h)oth. Where the formative parts of the tooth 
arc reproduced indefinitely, to repair, by their progressive calcifi- 
cation, the waste to Avhich the Avorking surface of the croAvn of 
the tooth has been subj(u‘t, the alveolus is of unusual depth, and 
of the same form and diameter throughout, figs. 215 and 216, 
cxcej>t in the immature animal, wdien it Avidens to ifs bottom or 
base. In teeth of limited growth, the dentinal pulp is reproduced 
ui progressively decreasing quantity after the completion of the 
<^xt(?rior wall of the croAvn, and forms, by its calcification, one or 
more roots or fangs, Avhich taper to their free extremity. ' The 
‘dveolus is closely moulded upon the implanted part of the tooth; 
i^ud it is worthy of sjiccial remark, that the complicated form of 
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socket, fig. 256, which results from the development of two or 
more fangs, is peculiar to animals of the class Mammalia, 

' In the formation of* a single fang, the activity of the reproduc- 
tive process becomes enfeebled at the circumference, and is pro- 
gressively contracted within narrower limits in relation to a single 
(‘entre, until it ceases at the completion of the apex of the fang, 
whi('h, though for a long time perforated for the admission of tlie 
vessels and nerves to tlie interior of the tooth, is, in many cases, 
finally closed by the ossification of the remaining j>art of the 
capsule. 

When a tootli is destined to be implanted by two or more 
fangs, the reproduction of the pulp is restricted to two or more 
parts of the base of the coronal portion of the pulp, around the 
centre of which parts the sphere of its reproductive activity is 
progressively contracted. The intervening parts of the base of 
the coronal pulp fidhere to the capsule, which is simultaneously 
calcified with them, covering those parts of the base of the ctowii 
of the tooth with a layer of* cement. T'he ossification of the sur- 
rounding jaw, being governed by the changes in the soft but 
highly organised dental matrix, fills up the spaces unoccupied by 
the contracted and divided pnip, and affords, by its periosteum, a 
surface for the adhesion of the cement or ossified capsule covering 
the completed part of the tooth. 

The matrix of certain teeth does not give rise, during any 
period of their fin^mation, to the germ a second tooth, destined 
to succeed the first. This, therefore, when completed and worn 
down, is not replaced ; all the true Cetacea are limited to this 
simple provision of teeth.' In the Armadillos, Mogatherioids, and 
Sloths, the want of germinative power, as it may be called, in the 
matrix, is compensated by its persistence, and the consequent un- 
interrupted growth of the teeth. In most other Mammals, the 
matrix of (pertain of the first developed teeth gives origin to tin' 
germ of a second tooth, which displaces its predecessor and parent. 
All those teeth which are so displaced are called temporary, de- 
ciduous, or milk teeth, fig. 293, d i, d i-4. The mode and direc- 
tion in which they are displaced and succeeded, namely from below 
upward in the lower jaw-, in both jaw^s vertically, are the same 
as in the crocodile ; but the proces.s is never re])eated more than 
once in the present class. A considerable proportion of the dental 
series is thus changed ; the secfmd, or permanent teeth, ib. 
i i having a size and form as suitable to the jaws of the 
adult as the displaced temporary teeth were adapted to those of 
the young animal. Those pei-manent teeth, ib. rn \-m a, which 
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assume places not previously occupied by deciduous ones, may be 
regarded as a continuation of that series, and are posterior in their 
position ; tliey are generally the most complex in their form. The 
successors of the deciduous incisors and canines differ from them 
chielly in size. The successors of the deciduous molars may differ 
likewise in shape, In which case they have less complex crowns 
than their predecessors. The ^ bicuspids ’ in Anthropotomy, fig. 
2o8, p 3, p 4, and the corresponding teeth called " premolars ’ in 
lower mammals, fig. 293, p 2-4, illustrate this law. 

The Mammalian class might be divided, in regard to the succes- 
sion of the teeth, into two groups— the Monophyodonts^ or those 
that generate, Jis a rule, one set 
of teeth, and the Diphyodonts^ 
or those that generate two sets 
of teeth.* The Monophyodonts 
include the Monotremata^ Ceta~ 
vm and Bruta ; all the other 
orders are l)ii)hyodoiits. 

The teeth of Mainmfdia,, espe- 
cially of the Dipliyodouts, have 
usually so much more definite 
and complex a form than those 
t»f fishes and roi)tilc,s, that throe 
parts are recoginsed in them : the 
fiiig or root {radix ^ fig. 210, /) 
is the inserted j)art ; the crown 
( corona^ ib. A) is the exposed 
l)art ; and the constriction which 
divides these is called the neck 
{ cervix, ib. ?/). The term ‘fang’ 
is properly given only to the 
implanted ])art of a tooth of re- 
stricted growth, which fang gradually tapers to its extremity. 
Those teeth which grow uninterruptedly, fig. 230, have not their 
exposed part separated by a neck from their implanted part, and 
dus generally maintains to its extremity the same shape and size 
as the crown. 

It is peculiar to the class Mammalia to have teeth implanted in 
sockets by two or more fangs, figs. 2o6, 293 ; but this can only 
happen to teeth of limited growth, and generally characterises the 
niolars and prcmolars : perpetually growing teeth recpiire the base 
to be kept simple and widely excavated for the persistent pulp, 
215 and 216. In no mammiferous animal does anchylosis 
* Vol. ii. ]\ 
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of the tooth with the jaw constitute a normal mode of attach- 
ment. Each tooth has its particular socket, to which it firmly 
adheres by the close co-adaptation of their opposed surfaces, and 
by the firm adhesion of the alveolar periosteum to the organised 
cement vvliicli invests the fling or fangs of the tooth. 

True teeth implanted in sockets are confined to the maxillary, 
premaxillary, and mandibular or lower maxillary bones, and form 
a single row in each. They may project only from the premax- 
illary, as in the Narwhal, or only from the lower maxillary as in 
the Zipliius; or be ai)parerit only in the lower jaw, as in the 
Cachalot; or be limited to the superior and inferior maxillarics, 
and not present in the premaxillarics, as in the true liuniinants 
and most liruta. 

Mammalian teeth usually consist of hard unvascular dentine, 
fig. 210, (If defended at the crown by an investment of enamel, 
ib, Cy and every ^vbere surrounded by a coat of* cement, ib. r. 
The coronal cement is of extreme tenuity in Man, (iuadrumana, 
and terrestrial Carnivora; it is thicker iu the Hcrbivin’a, espe- 
cially in the com|)lex grinders of the Elephant, fig. 280, and is 
thickest in the teeth of the Sloth, Megatherium, Dugong, Walrus, 
and Cachalot. Vertical folds of enamel and cement penetrate the 
crown of the tooth in most Rodents and IJjigulates, characterising 
by tlieir various forms the genera; but these folds never convergt', 
from equidistant points of the circumference of tlic crown towards 
its centre. The teeth of JJruta have no true enamel ; this is 
absent likewise in the molars of tlie Dugong and of tlie fully de- 
veloped tcetli of the Cachalot. The tusks of the Narwhal, AV aims, 
Dinothcre, Mastodon, and Elcjdiant, consist of modified denthie, 
which, in the last two great proboscidian animals, is j)n)pcrly 
(tailed ‘ ivory,’ and is covered by cement. 

The Dol[)hins and Arniadilhjs |)rescMt little variety in tlie sliapo 
of the teeth in the same animal, and this sameness of form is 
characteristic of Monophyodonts ; subject, like the successional 
character, to such exceptions as arc exemplified iu 
didavtijlusy fig. 215, and in Da.yjjms ^’-cinrtusy tlie milk-teeth ot 
which are figured in cxxxii", p. 254. 

In most other ]\Iaminals particular teeth have special forms for 
special uses ; thus the fi*ont teeth, from being commonly adapted 
to effect the first coarse division of the food, have been called 
cutters or incisors ; and the back teeth, which complete its com- 
minution, grinders or molars: large conical teeth, situated behincl 
the incisors, and adapted by being nearer the insertion of the 
biting muscles, to act with greater force, are called lioldci’S, 
tearers, laniaries, or more commonly canine teeth, from being well 
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developed in the dog and other Carnivora, although they arc 
given, likewise, to many vegetable feeders for defence or combat ; 
e. g.. Musk-deer. Molar teeth, which arc adapted for iriastica- 
tion, have either tuberculate, or ridged, or flat summits, and 
usually are either surrounded by a ridge of enamel, or are tra- 
versed by similar ridges arranged in various patterns. Certain 
molars in the Uiigong, the Mylodon, and the Zeuglodon, are so 
deeply indented laterally by opposite longitudinal grooves, as to 
a|>pear, when abraded, to be composed of two cylindrical teeth 
cemented together, and the transverse section of the crown is 
bilobed. The teeth of the Glyptodon were fluted by two analogous 
grooves on each side, fig. 214. The large molars of the Capybara 
and Elephant have the crown cleft into a mimerons series of com- 
press(‘d transverse plates, cemented together side by side. The 
niodificatioiis of the crown of the molar teeth arc those that arc 
most intimately related to the kind of food of the animal possess- 
ing them. Thus, in the purely carnivorous mammals, the prin- 
ci[)al molars are sinijde, trenchant, and play upon each other like 
scissor-blades. In the mixed feeding species, the working surface 
of the molars becomes broader and tuberculated ; in the insectivo- 
rous s|)ecies it is bristled with sharp points; and in the purely 
herbivorous kinds, the flat grinding surface of the teeth is com- 
l)licatc(l by folds ami ridges of the enamel entering the substance 
of the tooth, tlie most complex forms being presented by the 
Elephants. 

§ 219. Teeth of Monophyodonts, A, Monotremata. — The sub- 
stances serving for teeth in the Orni- 21 1 

thorliynchus are of a liorny texture, 
consisting of close-set, vertical hollow 
Inlcs, resembling the on tiP^ compact 
tissue of baleen or ‘ whalebone.’ They 
are ciglit in number, four in the ui>per, 
atul as many in the under jaw. The 
anterior tooth of the upper jaw is ex- 
tended from beliind forward, but is low, 

'<^ry narrow, and four-sided. The 
Corresponding tooth in tlie lower jaw, 
fig. 211, by is rather narrower, and 
retains longer its trenchant edge. At 
a distance from the anterior tooth, equal 
to its own length, is situated the horny Mamiiuic amitccth. orniiiiorbynciuw. 

aiolar, ib. c, which consists of a flattened plate of an oblong sub- 
quadrate figure. The corresponding tooth in the lower jaw is 
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somewhat narrowei*, but of simple fonn. Each division or tubercle 
of the molar is separately deveIoi)ed, and they become confluent 
in the course of growth. According to the analysis of Lassaigne, 
99-5 parts of the dental tissue of tlie Omithorhynchus have the 
composition of horn ; this is hardened by 0*3 imrts of phosphate 
of lime. 


The notice of the dental apparatus of the Monotreraes ought to 
include mention of the two short and thick conical processes, fig. 
212, g, (f,, which project from the forepart of die raised intermolav 
portion of the tongue,* in the Omithorhynchus ; and like the more 
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numerous spines on the con-esponding part of the 
tongue of the Echidna, represent, in these km- 
organised mammals, the lingual teeth of fishes. 

B. Jirutiu-^ T\\Q teeth of the Orycterope, or 
Cape Ant-eater, are of a simple form, but pecu- 
liar structure ; their common number in the 
mature animal is and they all belong to 

the molar series. The first and smallest is soon 
lost. The proportions of the persistent teeth, 
the depth of their sockets, and their structure, 
as viewed in longitudinal section w ith the naked 
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eye, are showm in fig. 213. The teeth are continued, solid, and of 
the same dimensions, to the bottom of the socket, and terminate in 
a truncate and undivided base. If each be viewed as an aggre- 
gate of teeth, as partially shown in fig. 247, vol. i., p. 396, it 
will be found that the component denticle has its base excavated 
by a conical pulp-cavity, as in other animals, and which Is persis- 
tent, as in the rest of the ovAat Bruta. The wide inferior aper- 
tures of these pulp-cavities constitute the pores observable on the 
base of the cfimpound tooth of the Orycterope, and give to that 
part a close resemblance to the section of a cane. The canals to 
w^hich these pores lead are the centres of radiation of the dentinal 
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tubes ; such denticles are cemented together laterally, ib. c, 
slightly decreasing in diameter, and occasionally bifurcating as 
they approach the grinding surface of the tooth. The substance 
of the entire tooth thus resembles the teeth of the Myliohates and 
Chim<BrouU among fishes, rather than any in tlic Mammalian 
class, in which it offers a transitional step from the horny dental 
substitutes, above described, to the true teeth. 

The teeth of the Orycteropus^ when rightly understood, offer, 
however, no anomaly in their mode of formation. Each denticle 
is developed according" t() the same laws, and by as simple a 
matrix, as those larger teeth in other mammals whicli consist 
only of dentine and cement. The dentine is formed by calcifica- 
tion of the pul]>, the cement by ossification of the capsule ; both 
pulp and (^ipsiilc continue to be reproduced at the bottom of the 
alveolus, pari passu with the attrition of the exposed crown ; and 
the mode and time of growth being alike in each denticle, the 
whole conipoinul tooth is maintained thoiighout the life of the 
animal. I'he augmentation in the size of the whole tooth, during 
tlie growth of the jaw, is effected by tlie development of new 
denticles, and a slight increase of size in the old ones, at the base 
of‘ the growing tooth, whicli, in the progress of attrition and 
growth, becomes its grinding surface. 

The teeth of the Armadillo-tribe are harder than those of other 
species o{^ B rata, the iinvascular dentine being present in greatest 
proportion, and forming the ^nain body of the tooth; it includes a 
small central axis of vascular dentine, and is surrounded by an 
extremely thin coating of cement. The numerous teeth in Priodon 
arc of very small size and simple form, and are all referable to 
the molar series. They vary in number from twenty-four to 
twenty-six in each upper jaws^ anil from t\vcnty-tAVO to twenty-four 
on each side of the lower jaw,“ amounting to iVom ninety-four to 
one hundred in total number. Tlie Armadillos of the sub-genus 
Buphractus^ Wagler, are distinguished by having the anterior 
tooth, which is shaped like the succeeding molar, 
implanted in the premaxillary bone. The two 
anterior teeth of the low^er jaw being in advance 
of the premaxillary tooth, are, with it, arbitrarily 
held to be incisors. 

Some species of the extinct loricate genus, _ 

f^iyptodoji^ surpassed the Rhinocei'os in size, crown of tooth of gruAt 
ana the dentition wras more complicated, and wivptod4>ncitmp6^\ 
more adapted to a vegetable diet, than that of the small existing 
Armadillos. The osteo-dentine, fig. 214, u, occupied a larger 
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proportion of the centre of the tooth, and being harder than 
the dentine, «/, or cement, c, rose upon the grinding surface, 
in the form of a ridge extending along the middle of the long 
axis of that surface, and in three shorter ridges at right angles to 
the preceding, at the middle of each of the tliree rhomboidal 
divisions of the tooth. 

Of the leaf-eating species of the order Bruta^ very few, and 
these the most diminutive of the tribe, now exist. The following 
are tlie cliaracters of their dentition, both recent and extinct : — 
Teeth implanted in the maxillary and mandibular bones, few in 
number, not exceeding ^ ; composed of a large central axis of 
vaso-dentine, with a thin investment of hard dentine, and a thick 
outer coating of cement : to these add the dental characters 
common to the order Brutii^ viz., uninterrupted growth, and cou' 
comitant implantation by a simple, deeply-excavated base. 

In the two-\oed ( Chohepus didacti/lusy Lllig.) the teeth, 
fig. 215, oftcr a greater inequality of size than has yet been 

observed in any other genus oiBruta ; 


the first of each series, i , in both jaws, 
^ which in the rest of tlie order Is tlie 

smallest, here so much exceeds the 
^ others as, with its peculiar form, to 

# S have received the name of a canine. 

f I This tooth is separated by a marked 

m interval f^xnn the other teeth, 2-5, es- 

/m pecially in the upper jaw, so that i-i 

L H above play upon the anterior part of 

I W / » I" I below, contrary to the relative 

I JB Su-# (jf li? position and mutual aclioii of the true 
IjJjM canine toeth in the Quadrumana and 

1^9 Carnivora, 

Tt'Ctli of the two-toed Sloth \Chnhf:pn8 The teeth of the Metjatheriurn, the 

most gigantic of the extinct quadru- 
peds of the Sloth tribe, are five in number on each side ol 
the upper jaw, fig. 216, and four on each side of the lower jaw. 
They are deeply implanted with narrow interi%ls : each is exca- 
vated by an unusually extensive pul{)-cavity, ib. />, from the ai)ex 
of which a fissure is continued to the middle depression of the 


grinding surface of the tooth. The central axis of vaso-dentine, (h 
is surrounded by a thin layer of hard or unvascular dentine, 
this is coated by the cement, e, which is of great thickness on the 
anterior and posterior surfaces, but is thin ivhere it covers the 
outer and inner sides of the tooth. The vaso-dentine, i?, fig* 23^^ 
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vol. i. p. 361, is traversed throughout by medullary canals, 
measiu-ing diameter, continued from the pulp- 

cavity, and anastomosing in pairs by a loop, the convexity of which 
is turned towards the origin of the tubes of the hard dentine, t 

216 
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The cement, ib. c, is characterised by tlie size, number, and 
regularity of tlie vascular canals which traverse it in a direction 
slightly inclined from the transverse axis toward the crown of the 
tooth, running parallel to each otlier, and anastomose in loops, 
the convexity of which is directed toward the hard dentine. 

The tooth of the Mcgatlierium offers an unequivocal example 
of a course of nutriment from the dentine to the cement, and reci- 
procally. All the constituents of the blood freely circulated 
tlirough the vascular dentine and the cement, and the vessels of 
^ach vsubstance, intercommunicated by a few canals, continued 
across the harder unvascular dentine. The minuter tubes, wliicli 
pervade every pa#t of the tooth, characterising by their difference 
of length and course the three constituent substances, form one 
continuous and freely intercommunicating system of strengthening 
and reparative vessels, by which the plasma of the blood was dis- 
tributed throughout the entire tooth, for its nutrition and main- 
tenance in a healthy state. 

The grinding surface of the close-set molars of the jMegatherium 
differs on account of the greater thickness of tlic cement on their 

■'’OI.. m. ^ y 
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anterior and posterior surfaces, from those of all the smaller 
Megatherioids, in presenting two transverse ridges, fig. 216, rf; 
one of the slojung sides of each ridge being formed by the cement, 
c, the other by the vascular dentine, whilst the uiivasciilar den- 
tine, rf, as the hardest constituent, forms the surnrait of the ridge 
like the jdate of enamel between the dentine and cement in tlic 
Elephant’s grinder. The great length of the teeth, and concomi- 
tant deptli of the jaws, the close-set series of the teeth, and the 
narrow palate, are also strong features of resemblance- between 
tlie ]\Iegathcrium and Elephant in their dental and maxillary 
organisation. In both these gigantic phyllophagous quadrupeds 
provision has likewise been made for the maintenance of the grind- 
ing machinery in working order throughout their prolonged exis- 
tence ; but the fertility of the creative resources is well displayed 
by the dlfterent modes in which this provision has been eftected : 
in the Elephant, it is by the formation of new teeth to supply the 
place of the old when woim out ; in the ]\legatheriiiin, by the 
constant repair of the teeth in use, to the base of which new 
matter is added in proportion as the old is worn away from the 
crown. Thus, the extinct Megatherioids had both the same struc- 
ture and mode of growth and renovation of their teetli as are 
manifested in the present day by the diminutive Sloths. 

C. Cetacea. Those Mammals which ar(3 jirojierly called ‘ Whales’ 
have no teeth, but horny substitutes in tlie form of plates, termi- 
nating or fringed by bristles. Of these plates, called ‘ baleen ’ and 


2T7 ' 
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‘whalebone,’ fig. 21 7, A, the largest, which are of an inequilateral 
triangular form, arc arranged in a single longitudinal scries on 
each side of the upper jaw, situated pretty close to each other, 
depending vertically from ihc maxillary Ixmes, with their flat 
.surfaces looking backward and forwanl, and their unattached 
margins outward and inwnrfl, ’the direction of their interspaces 
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being nearly transverse to the axis of the skull. The subsidiary 
plates are arranged in oblique series internal to the marginal ones. 
Thus, if the upper jaw of one side of the skull of a Whale were 
bisected transversely, the flat surface of a series of the baleen- 
plates would be exposed, as in fig. 218, in which a is the superior 
niaxillary bone, h the ligamen- 
tous gum, giving attachment toe 
tlic horny base and body of the 
chief baleen-plate, wliich termi- 
nates in rf, the fringe of l)ristles ; 
if marks the smaller balccu-plates. 

The l)asc of each plate is hol- 
low, and is fixed upon a pulp 
developed from a vascular gum, 
which is attaeliod to a broad and 
sliallow depression occupying the 
whole of tlie ])alatal surface of 
the maxillary and of the anterior 
part of tlio palatine bones, the 
Whale being thus, like the 
Ecliidna, an e^amplcof a mamma- 
liau animal, which may be said to 
have palatal teeth. 1'he base of 
eacli plate is unequally imbedded 
in a compact sub-elastic suh- 
stmure, which is so much deeper 
<m tlie outer than oil the inner 
side, as, in the new-born whale, wiuiuaioen-piatop, ofa 

to include nuuie half of 

the outer margin o*f tiic balccii-plate. This margin is shown at c, 
lig. 218, and is coiitinucd down in a line dropped nearly vertically 
IVom the outer border of the jaws. The inner margin of each plate, 
d, slopes obliquely outward from the base to the extremity of the 
preceding margin ; the smaller plates^ decrease in length to the 
middle line of tho"^^ palate, so that tKe form of the baleen-clad 
loof of the mouth is' that of a trajg^sverse arch or vault, against 
which the convex dorsum of the tliick and large tongue, fig. 
217, a, is applied when the 'mouth is closed. Each plate sends 
off from its inner and oblique margiif the fringe of moderately 
stiff but flexible hairs, which project into the mouth, Tlieso 
present an obstacle to tbc escape of 4fie small marine ani- 
mals,^ for the prehension and detention of which this singular 

* Clio hoi caUst Limnrina urctica, and binall pclajjic Crustacea. 
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modification of the dental system is esj)cciaUy adapted. The 
baleen-piilp is situated in a cavity at the base of the plate, like 
the pulp of a true tooth ; whilst the external cementing material 
maintains, both with rcspci^t to this pulp and to the portion of the 
baleen-plate which it develops, the same relations as the dental 
capsule bears to the tooth. According to these analogies, it 
must follow, that only the central fibrous or tubular portion ol’ 
the balcen-platc is formed, like the dentine, by the basal pulp, 
and that the base of the plate is not only fixed in its jdace by the 
cementing substance or capsule, but must also receive an acces- 
sion of horny material from it ansAvering to the cement of true teeth. 

In Dalcena mysticetus there are about 200 large marginal 
plates on each side, from 10 to 14, rarely 15, feet in length, 
and about 1 foot in breadth at their l)ase; these jdates are 
overlapped and concealed by the under lip when the mouth is 
shut. In the BaUenoptn'ce or fiu-baoked whales, figs. 217, 21iS, 
the baleen-processes, c, internal to the marginal |)lates, arc fewer 
and smaller than in the Bahv?up ; the marginal plates, c, are more 
numerous, exceeding 300 on oacli side; they are l)roadcr in pro- 
portion ito their length, and much smaller in proportion to the 
entire animal; they are also more bent in the dii’cetion transverse 
to their long axis. 

A thin transverse section of baleen, vi(nv(;d with a low mag- 
nifying poAver, demonstrates that the coarse fibres, as they seem 
to the naked eye, which form th^ central snbstaiK!^?, are hollow 
tubes Avith concentric laminated w^all% When a liigh maguifying 
power is applied to siicli a section, the eonoentric lines are shoAvn 
not to be uniform, but interrupted here and thcife by mimitii 
elliptical dilatations, Avhich are commonly more ojpiwjue than the 
surrounding substance, au(VAvhich, like the radiated cells of true 
bone, are probably remains of the primitive cells of the formative 
substance; similar long elliptical opaque bodies or cells arc dis- 
persed irregularly through the straight parallel fibres of the dense 
outer laminie of the balee|j-pla^te. . The chemical basis of baleen 
is albumen liardened by a spiall proporthm^of phosphate o| lime. 

The Balmddfp^ l)efore acq array of 

baleen-plates, manifest m tlieir ^ a tonsitory condition 

of a true dental systcm,abortiveand functionless, but homologous 
with that whi^di is nortnaPand persistent in the majority of the 
order. In an open groove Avhifrh extj^nds ajoitg tlie aly^lar border 
of both the upper and the lower jaws, thjgle series of minute, 
conical, acute or obtuse, «i^le or double^ dcnticlei?‘fig. 219, with 
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Transitory dehtirloR of Foetal Whale 
Nat. size. 


hollow bases inclosing the imcalcified remains of a vascular pulp. 
In the foetus of a Balcenojitera^ the jaws of which were about 
four indies in length, the groove of the upper jaw contained 
twenty-eight such teeth, that of the 
lower jaw forty-two : these disappear 
before birth. The foetal Whale exem- 
plifies the earliest stage of dental de- 
velopment in the higher Mammals, 
retaining the open fissure which in 
ihem is rapidly closed. 

The great Bottle-nose or bident Whale offers a transitional 
grade between the true Whales and the typical TMphinidec. The 
lletal denthdes do not all perish, but two or three of the anterior 
pairs acquire a large size as compared with their transitory repre- 
sontativesin the Halamidoi — and one of these pairs is long retained 
in the lower jaw, though fimctionless, and hidden by the gum, 

III the Narwhal {Monodon nionovvros\ two of the primitive 
ilculal germs at the forepart of the upjicr jaw proceed in their de- 
volo[)ment toa greater extent than do those in the lower jaw of the 
Iljiperoddon ; but every other trace of teeth is soon lost. The two 
persistent matrices rapidly elongate, but in the retrograde direc- 
tion, forming a long fang rather than a crown ; each tooth sinks 
Into a horizontal alveolus of the jiremaxillaiy bone, or, rather, at 
the junction of the premaxillary with the maxillary, and soon, by 
the forward growth of these bones, becomes wholly inclosed, fig. 
220^ like the germs of the teeth of higher Mammals at their 
second stage of development. In the female Narwhal, the pulp is 
here exhausted, the cavity of the tooth is obliterated by its ossi- 
lication, fiirthoi: development ceases, and the two teeth remain 
conccaliHl as abortive germs in the substance of the jaws for the 
rest of life. In the male, the inatm of the tooth in the left pre- 
nnixillavy, ib. 6, Continues to Enlarge ; fresh pulp-material is pro- 
gressively added, which by its calcification elongates the basey 


lirotritdes the apex from the socket, j^d the tusk continues to 
grow ujftil it acquires the lOugth of nine or ten feet, with a basal 
diameter of font injjkes. This fainous ^ horn ’ which figures 

on the forehead of the heraldttvtmicojrji, aiid so long excited 
die curiosity and conjectures qf the* oWer naturalists, until 
Olaiis Wormiiis made an eiYd *of the "fabulous ^ monocerologies ’ 
l>y the discovery of the^true nature of their^subject,* 

ci.x". lias cmbulhicd the old idea of this weapon in the binomial 

-'fonodon monocero«, under whicli thc Narwhatjj^ oatered in the Syatewa Naiura. 
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The exterior of the long tusk is marked by spiral ridges, which 
wind from within forward, upwai-d, and to the left. About fourteen 


220 



inches is implanted in the socket; 
it tapers gradually from the base to 
the apex. The pulp-cavity, as shown 
in the longitudinal section of the 
tusk, in fig. 220, is continued nearly 
to the extreme point, but is of vari- 
able wddtb : at the base it forms a 
short and wide cone ; it is then con- 
tinued forward, as a narrow canal, 
along the centre of the implanted 
part of the tooth, beyond which the 
cavity again expands to a wddth 
equalling half the diameter of the 
tooth; and finally, but gradually, 
contracts to a linear fissure near tlie 
a])ex. Thus, the most solid and 
weighty part of the tooth is that 
wdnch is implanted in the jaw, and 
nearest the centre of support, W'hilst 
the lung projecting part is kept as 
light as might be compatible with 
the uses of the tusk as a w eapon of 
attack and d(?fcncc. The portion of 
pulp, in which the process of the 
calcification has been arrested, re- 
ceives its vessels and nerves by the 
fissure continued from the basal ex- 
pansion of the jmlp-cavity. In a 
few instances, botlf tusLs have been 
seen to project from the jaw. 

In .Ddphinus grisem the dentition 
of tlie upper jaw^ is transitory, as in 
Hypero6(hny h\\t at least six pairs ot 
teeth rise above the gum and accpiirc 
a full deyelopinent at the forepart 
of the low^ jaw. The crowns of 
these teeth soon become obtuse, and 
their dui'atioiils limited: aged indi- 
viduals of this ^Species have been 
taken with the dcntiMoii reduced to 


Bane of sltulJ of male Varwloil, u Kcctfirfn 
of the Tuiiic. 


^tw’o teeth ^in the lower jaw. 
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The outward and visible dentition of the great Sperm-whale 
or Cachalot {Phtffieter macrocephalus) is confined to the lower 
jaw. The series consists in each ramus of about twenty-seven 
teeth. In the young they are conical and pointed ; usage renders 
them obtuse, whilst progressive growth expands and elongates 
tlie base into a fang, which then contracts, and is finally solidified 
and terminated obtusely. The teeth are separated by intervals 
as broad as themselves. The mode of implantation is inter- 
mediate between that of the teeth of the Ichthyosaurus^ and of 
those of Dclphimis, They are lodged^in a wide and moderately 
deej) groove, imperfectly divided into sockets, the septa of which 
roach only about half-way from the bottom of the groove. These 
sockets are both too wide and too shallow to retain the teeth in- 
dependently of the soft [)arts, so that it commonly happens, when 
the dense semi-ligamentous gum dries upon the bone, and is 
stripped off in that state, that it brings away with it the whole 
series of* the teeth like a row of wedges half-driven through 
strij) board, A firiiKU' implantation would seem unnecessary 
for teeth which have no opponents to strike against, hut which 
ent(‘r depressions in the o])[K)site gum when the mouth is closed. 
That gum, however, conceals a few persistent specimens of the 
primitive frctal series of teeth ; these are always much smaller 
and more curved than the functional teeth of the lower jaw, of 
which a section is given in fig. 239, vol. i. p. 362. In the small 
snub-nosed Cachalot {Plu/sctcr sirnus) the first tooth of this series 
is exposed in the front of the upiier jaw,‘ < 

The first-formed extremity of the tooth in the young Cachalot 
is tipped with enamel : when the summit of the crown hafe been 
{il>radcd, the tooth (ronsists of a hollow cone of dentine, ib. 
coated by cement, c, and more or less filled up by the ossified 
pulp, 0 , Iw’egular masses of this fourth substance have been 
found loose in the pulp-cavity of large teeth. The exterual 
cement is thickest at the junction of the crown and base, which 
are not divided by a heck, * ^ ^ 

The permanent or mature dentition of the Beluga (Delphinus 
kucas, Pall.), though scanty, is iiiore normal than in the Physeter, 
idne functional teeth bein^ retained on each side of the upper 
jaw, and eight in each;tamus of flie jaw. They present 

the form of straight siibcompressed pbftise cones. 

fhe most formidable dentition is that of the predaceous 
(^I'ampus {Phocamd orca)y whose hmiarifo^ln teetli are as large in 
proportion to the length of the jaws as in the crocodile ; they are 

‘"arcix'. i>. 42, pi* 12. 
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in number = 50 ; all fixed in deep and distinct sockets, sepa- 
rated by interspaces which admit of the close interlocking of tliQ 
upper and lower teeth when the mouth is closed ; the longest and 
largest teeth are at the middle of the series, and they gradually 
decrease in size as they approach the ends, especially the pos- 
terior one. 

In the common Dolphin the number of teeth amount to 190, 
arranged in equal numbers above and below, and tlierc is a pair 
of teeth in the premaxillaries which are toothless in the other 
Cetacea. They have slender, sharp, conical, slightly incurved 
crowns, and diminish in size to the two extremes of the dental 
scries ; the acute apices are longer preserved than in the foregoing 
species. 

The Gangetic Dolphin (Platayiistn ffangetica^ differs from the 
rest of the Delphinidoi scarcely less in the form of its teeth than 
in that of the jaws. Both the upper and lower maxillary l)on(?s 
^are much elongated and compressed ; the symphysis of the lower 
jaw is coexlensive with the long dental series, and the teeth rise 
so close to it that those of one side toucli the others by their 
bases, except at tlie posterior part of the jaw. The lateral series 
of teetli are similarly ai)j>roximated in the upper jaw at the median 
line of union, which line is compelled, by the alternate position 
of the teeth, to take a wavy course. There an? thirty teeth on 
each side of the up|)er jaw, and thirty-two on each side of the 
lower jaw. In the young animal they are all slender, ct)in- 
pressed, straight, and sharj)-[)ointed, the anterior being longer 
than the ^jx^sterior ones, and recurved. Contrary to the rule 
in ordinary Dolphins, the anterior teeth retain their f)reheiisile 
structure, while the po.sterior ones soon hav(^ their summits 
w'om down to their broad ba^es : in the progress of their growth 
the implanted base is elongated antero-posteriorly, its outer 
Surface augmented by longitudinal folds analogous to those in 
the teeth of the Satiroid fishes* Somctiines the [)Osterior tooth 
of Platanista has the base diWded inh) two short fangs, the 
sole example of such a structure which I have met with in the 
existing carnivorous Cctacca. In the Dblphins of the South 
American rivers ( Inia) the inner side of the tooth expands iut« a 
crushing tuberchj. 

The primitive seat of the dcveh)pment df ^e tooth-matrix is 
maintained longer in the Cetacea than in oiher Marnrnalm ; a 
greater portion of theftooth is also developed before the matrix 
sinks into, or is surrounded by, a bony alveolus^ and, with the 
exception of the rudimcntal tusks in thfe'Narwhal, is at no period 
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entirely closed in a bony cell, in which respect the Cetacea offer 
an interesting analogy to true fishes. 

§ 220, Teeth of Diphyodonts. A. Sirenia . — Two marks of 
inferiority in the dental system of the carnivorous Cetacea, which 
they have in common with many of the order viz. a general 

imiforniity of shape in the whole series of teeth, and no succession 
and displacement by a second or permanent set, disappear when we 
commence the examination of the dentition of those apodal pachy- 
derms which were called by Cuvier the Herbivorous Cetacea. 

In the Dugong ( /f«//cnre), for example, we find incisors dis- 
tinguished by their configuration as well as position from the 
molars, and the incisive tusk is deciduous, displaced vertically, 
and succeeded by a permanent tusk ; both these cliai-acters arc 
shown in fig. 160, vol. ii. p. 281. Of the Incisors of the Dugong, 
ordy the superior ones projcjct from the gum in the male sex, and 
neither upper nor lower ones are visible in the female. The supe- 
rior incisors, ib. /, arc two in number in both sexes. In the male 
ilicy arc mod(?rato1y long, subtriedral, of the same diameter from 
the base to near the apex, which is oblirpicly bevelled otf to a 
.shar|> edge, like the scaljiriform teeth of the Rodentia. Only the 
extremity of this tusk i)rojccls from the jaw, at least seven-eighths 
of its extent being lodged in the socket, the jiarietes of which are 
entire. In the female Dugong the growth of the permanent inci- 
sive tnsks of the iijiper jaw is arrested before they cut the gum, 
and they remain throughout life concealed in the premaxillary 
bones ; tlie tusk in this sex is solid, is about an inch shorter and 
loss bent lhan that of the male ; it is also irregularly cylindrical, 
longitudinally indented, and it gradually diminishes to an o1)tusc 
nigged point; the Inise is suddenly expanded, bent obliquely 
outwards, and presents a shallow ^xcavation. The deciduous 
incisors of the upper jaw, are much smaller than the perma- 
nent tusks of the female, and are loosely inserted by one extremity 
in conical sockets immediately anterior to those of the permanent 
tusks, adhering by their opposite ends to their tegumentary gum, 
wliich presents no outward indication of their presence. Not more 
tlian twenty-four mplst teeth arc dcvelo})ed in the Australian 
Dugong {Halicore Austrafy)f or more than twenty molar teeth in 
the Malayan Dugong, viz.^ in the latter, five on each side of both 
‘*pper and lower ja^s, ib. but these are never simultaneously 
hv use, the first being shed before the last has cut the gtjm. 

Tlic molar teeth of the Dugong eonsilt of a large bc)dy of 
dentine, a small central part of osteo-dentine, and a thick external 
hivcstment of cement, c, fig. 242, vol. i. p. 365. In the female 
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Dugong the Avhole of the smaller extremity of the tusk is sur- 
rounded by a thin coat of true enamel, which is covered by a 
thinner stratum of cement. In the male’s tusk the enamel, 
though it may originally have capped the extremity, as in the 
female s, yet, in the body of the tusk, it is laid only upon the 
anterior convex, and on the lateral surfaces, but not upon the 
posterior concave side of the tusk, which is thickly coated with 
cement. This side, accordingly, is worn away obliquely when the 
tusk comes into use, wWlst the enamel maintains a sharp chisel- 
like edge upon the anterior part of the protruded end of the tusk. 

The presence of abortive teeth concealed in the sockets of tlie 
deflected part of the knver jaw of the Dugong, fig. 160, n, i, d 
(vol. ii.), offers an analogy with the rudimcntal dentition of the 
upper jaw in the Cachalot, and of both jaws in the foetal Whales. 
The arrested growth and concealment of the upper tusks in the 
female Dugong, and the persistent pulp-cavity and projection of 
the corresponding tusks in the male, ai*e equally interesting repe- 
titions of the phenomena manifested on a larger scale in the dental 
sj^stem of the Narwhal. The simple implantation of the molar 
teeth and their composition are paralleled in the teeth of tfio 
Cachalot ; their difference of form, and the more comi)lex 8haf)e 
of the hindmost tooth, ib. ft, are repetitions of characters which 
were present in the dentition of the extinct Zeuglodoiin 'J1ie 
coexistence of incisive tusks with molar teeth, and the successive 
displacement of the smaller and more simple anterior ones by the 
advance of larger and more complex grinders into the field of 
attrition, already seem to sketch out peculiarities of dentition 
which become established and attain their maximum in the Pro- 
boscidian family (Elephants and Mastodons) of tlie Ungulates. 

The molars of the American Manatee are thirty-eight in 
number, ten on each side of the upper jaw, and nine, at least, on 
each side of the lower jaw; but they arc never simiiltaTioously in 
place and use. The first in both jaws is small and siinjile. 
Beyond the second, the crowns in the upper jaw are square, and 
support two transverse ridges with tri-tuberc.ulate summits, 
having also an anterior and posterior basal ridge; each tooth is 
implanted by three diverging roots, one on the inner and two on 
the outer side: they increase in size very gradually, from the 
foremost to the last. The crowuis of tlie four or five anterior 
molars of the lower jaw resemble those above, but the rest have 
a large posterior tubercle ; they are all implanted by two fangs 
which enlarge as they descend, and bifurcate at the extre- 
mity ; the crowns are of moderate height, and project only a fc'V 
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lines above the sockets. The molars consist of a body of dentine, 
a coronal covering of enamel, and a general investment of cement, 
very thin upon the crown, and a little thicker upon the fangs. 

n. Mnrsuidalia. In the Marsupial order, the typical number 
of tlic teeth in the molar series is seven on each side of both jaws, 
the first three of which are ‘ premolars,’ fig. 221, />, i, 2 , .t, the last 
displacing, in some, a calcified predecessor, fig. 296, rf 3 , and giving 
the extent of the theoretical deciduous series. Incisors, fig. 221, 
!, arc present in all the s])ecies, but .ire variable in number, in 
some genera exceeding that of the Mammalian type. Canines, ib. 
c. are large in the D.-isyures, are feebly re|)rcsented in the Phalan- 
gers and Petaurists, arc absent in the lower jaw of the Potoroos 
and Koala (fig. 221, vol. ii), and in both jaws of the Kangaroos, 
fig. 231, and Wombats, fig. 232. 

The Dasyures and Thylaeine offer the carnivorous type of the 
dental system, but differ from the coiTcsponding group of the 
[ilacental Mammals in having the molars of a more uniform and 

221 



simple structure, and the incisois in greater number: the dent.al 
t'ornuila f>f the Dog-headed Opossum, 'J'lu/lacmusy is — 

.iA 1.1 3.3 1.4 

^ 8.3 ’ ^ 1.1 ’ 3.3 ' . 1.4 ' 

The canine teeth arc long, sti-ong, curved, and pointed ; the 
points of the lower Canines are received in hollows of the pre- 
nia.xillary palatal plate when the mouth is closed, and do not 
project, as in the carnivorous placentals, beyond the nmrgins of 
the maxillary bones. The prcmolars, p, present a simple com- 
pressed conical crown, with a posterior tubercle, which is most 
developed on the hindmost. The molars, m, in the ujiper jaw are 
wncqually triangular, the last being much smaller than the rest : 
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the exterior part of the crown is raised into one large pointed 
middle cusp and two smaller cusps ; a small strong obtuse lobe 
projects from the inner side. The molars of the lower jaw arc 
compressed and tricuspidate ; the middle cusp being the longest, 
especially in the two last molars, which resemble the feline car- 
nassials. 

The dental formula of the genus Dasyurus is — 


The eight incisors of the tipper jaw, fig. 222, arc of the same 
length and simple structure, and are arranged in a regular semi- 
circle. 1'lic premolars, p 2 and 
- a, answer to the two last in 
2^liylaemus^ and have simple 
croAvns. The u])per true 
molars, ///, have triangular 
crowns ; the first presents four 
sharp cusps ; the second and 
third each five; the fourth, 
which is tlie smallest, only 
three. In tlio lower jaw, the 

DcnMti.m of l'r«inc nasvnre. , , , ^ n x 

last molar is nearly 01 equal 
size with the penultimate one, and is bristled witli four cusps, the 
external one being the longest. The second and third molars 
have five cusps, tlircc on the inner and two on the outer side; tlie 
first molar has four cusps. The carnivorous character of the 
above dentition is most strongly marked in the Ursine Dasyure, 
or Devil of the Tasmanian colonists, the largest existing species 
of the genus. 

In some of the smaller species the canines lose their great rela- 
tive size, and the molars present a surface more cuspidated than 


O.JO 





sectorial; there is also an increased number 
of teeth, and as a consequence of their 
equable development, they have few’^er and 
shorter interspaces. The siibgenus Phaiico- 
yah is characterised by — 


D^nfjrioii f't ^ 

In this formula^may be discerned a step m 
the transition from the Dasyures to ^lij Opossums, not only m 
the increased number of spurious rao|ps, but also in the shape 
and proportions of the incisors. # 

The general character of the'dentition of these small predatory 


AA I.l 3.3 
' 3.3’ ^ 


. 46, fig. 223. 
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Marsupials approximates to the insectivorous type, and leads 
thereto from the flesh-feeding genera. 

Myrmccobius is characterised* by the folloAving remarkable 
dental formula; — 


.4.4 1.1 




6.6 


^3.3’‘'l.l*^3;3*"*6.6“ 


54, fig. 224. 


The number of true and false molars, eighteen in both jaws, 
exceeds that of any other known existing Marsupial. The molars . 
are multicuspid, and both the 224 

true and false ones possess 
two separate fangs. The iiir 
ibrior molars are directed 
obliquely inward, and the 
wliole dental series describes 
a sliglit sigmoid curve, fig. 




The premolars present 



Dfnlition of MynnecoMiH. 


(he usual compressed trian- 
giiljir form, with the a))ex slightly recurved, and the base 
more or less obscurely notched before and behind. The canines 
sire very little longer than the false molars. The incisors arc 
iniuute, slightly compressed, and pointed; they are separated 
Iroiu each other and the canines by wdde intervals. 

Tlic extinct genus Amphitheriam is founded on fossil remains 
of lower jaws and teeth discovered in the oolitic slate at Stones- 
iiold, in Oxfordshire, and it receives eliieldation from the dental 
cliaracter.s of the previous genus, but is remarkable for 
liaving a still greater number of molar teeth. The 
dental formula is as follows 


' 3:y ' 


?.? 

1.1*^ 


6 . 6 ’ 


?.? 

6.6’ 


fhere being thus thirty-two teeth in the lower jaw, 
311(1 probably as many in the upper jaw. 


fhe following dental formula 


4.4 


.5.5 1.1 3.3 

* 3 . 3 ’" 171 ’^ 3 : 3 ’ 

eharactcrises a number of Marsupials commonly known 
hi Australia by the name of Bandicoots^ fig. 226. The hj 
teeth which ofler the greatq^ range 5f variation in the 'I 
present genus ( Pcravneles) ale the external or posterior Mamiiiminr 

• • ” 1 1 • a 1 1 1 I I • 1 . tecili, Myriue- 

^•Hnsors and the caiun#; the molars, also, wduch on- 
ginally arc quinquc-cusiW^te, have their points worn aAvay, and 
present a smooth and ol^quc grinding surface in somfe species 
(fig. 222, 711, vol, ii.) sooner than in otliers. 
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’ The Bandicoots which approach nearest to the Myrmecobius in 
the condition of the incisive and canine teeth, are tlie Perarnelea 
obesuh and P. GiinniL There is a slight interval between the first 
and second incisor, and the outer or fifth incisor of tlie upper jaw 
is separated fmSx the* rest by an interspace equal to twice its own 
breadth, and moreover presents the triangular pointed canine-like 
crown which characterises all the incisors of Myrmecobius ; but the 

four anterior incisors are 
jdaced close together and 
have compressed, quad- 
rate, true incisive crowns. 
From these incisors the 
canine is very* remote, 
the interspace bein^ 
equally divided by the 
fim bointed incisor, 

IX-ntlilon ut IVramelea. i • i * i • 

which ^tlie canine very 
slightly exceeds in size. In Peram. nasuta^ fig. 226, the incisors 
present the same general condition, but the canines are relatively 
larger. ^ 

The dental formula of the genus Didelphys is — • 



. 5.5 
* 4 A* 


m ~ = 50, fig. 227. 


The Opossums resemble in tlieir dentition the Bandicoots more 


227 



DeutiLiim ot Opossum. (Didclphys) 


than tlie Dasynres ; 
but they closely re- 
semble the latter in 
tlie fuberculous struc- 
ture of the molars; the 
two middle incisors of 
the upper jaw are more 
produced than the 
others, from which they 


arc abso separated by a short interspace. The canines still exhibit 
a superior development in both jaws adapted for the destruction 
of living prey, but the molars have a conformation different from 
that which characterise.s the true flesh-feeders, and the Opossums 


consequently subsist on a mixed diet, or jirey upon tlie lower or- 
ganised animals. * 

The smallpf Hspc(*ie,s of Didelphys, which are the most nii- 
fnerous, fulfil in South America the office of the insectivorous 
Shrews ^f the old continent. The Jarger Opossums resemble 
in their habits, as in their dentition^ the carnivorous Dasyures, 
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:incl prey upon the smaller quadrupeds and birds ; but they have 
a more omnivorous diet, feeding on reptiles and insects, and 
even fruits. One large species {Did, cancrivorcL) prowls about 
the sea-shore, and lives, as its name implies, on crabs and other 
crustaceous animals. Another species, the Y^pock, frequents 
the fresh water, and preys almost exclusively on fish: it has the 
habits of the Otter, but the dentition does not differ from that 
of ordinary Opossums. 

In the genus Tarsipes the molars soon begin to fall; the 
small canines are also deciduous ; the two procujnbent incisors of 
the lower jaw remain the longest. The infiairior incisors afe 
opposed to six minute incisors above, which are succeeded by 
a small canine and some small molai\s; but these are reduced 
in some, jandiaps old, individuals, to a single tooth on each 
side. 

The Phalangcrs, rveing provided with liinder hands and pre- 
liensile tails, are strictly arboreal animals, and have a close 
external resemblance to the Opossums. "J'hcy dilfer chiefly in 
tlieir dentition, and in accordance therewith their diet is more 
decidedly of a, vegetable kind. The interspace between the 
fnjKttionally developed incisors and molars in both Jaw\s always 
(Contains teetli of small size and little functional importance, and 
variable not only in tlicir proportions but their number. The 
constant teeth are the ^ true inohu’s, and the incisors. 
Tlie canines, c, tig. 228, are constant in regard to their presence, 
but variable in size ; they are always very small in the lower jaw : 
tli(‘ functional [jreniolara, p 3 , arc always in contact wdtli the 



ii iuij ui I'uMlaimlrtia vulpiiia. Dcutiiiou of Cook's Phalaiiger. 


inolars and their crowns reach to the same grinding level ; some- 
times the second ])remolar is similarly developed in the upper 
jaw, as in the PhtiL Cookii, p 2, fig. 229, but it is commonly 
absent; the first proinolar, p i, is a very minute tooth, shaped 
VOL. III. V 
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like a canine : thus, in the upper jaw, between the posterior or 
functional premolar, p 3, and the incisors, i, we may find three 
teeth, as in I^tuL Cooklty or two teeth as in FhaL vulpinay the 
first being the canine, e. In the lower jaw similar varieties occur 
in these small and imimportant teeth : c. g. there may be between 
the procumbent incisors and the j)osterior premolar, either three 
teeth, as in Phah Cookii; or two, as in PhaL ursina ; or one, as in 
PhaL vtdpma. The most important modification is presented by 
the little PhaL gliriforv/iis and Petaurus (Acrobates) pygnucua^ 
fig. 219, vol. ii., which have only three true molars on each side 
(tf^each jaw. T|ie»sc minor modifications are niiaecompauicd by 
any change of general structure or of habit, whilst those tcctli 
which most intluencc tlie diet arc constant. 

The absence of functionless jn'cmolars and of lower canines is 
constant in the Koala (Pliascolarctosy fig. 221, vol. ii.). The 
molars are proporthnuilly larger than in the Phalangers: each is 
beset Avitli four three-siilocl cusps, the outer series in tlie iipjjei* 
teeth being the first to wear down ; those in the lower jaw are nar- 
rower than in the upper; tliere is also the rudiment of a ‘ ciiigti- 
liim.’ The premohu’s are compressed, and termlns^e in a cutting 
edge. The small canine is situated close to tlic premaxillary suture. 

The dental formula of the Potoroos {Ilypsipnpnnus) is — 


.3.3 
1 — 
i.i 


1.1 1,1 




4.4 


1 1 ' 4.4 


30, tig. 230. 


TIic anterior of the iip^icr incisors arc longer and more curved 

than the lateral ones, and 
their pulps are persistent. 
The canine is larger than 
in the Koala ; it is siini- 
larly situated. In tlic hirg<* 
IJi/psiprymitm ursimis the 
canines are relatively 
smaller than in the other 
Potoroos, a structure which 
indicates the transition 
from the Potoroo to the Kangaroo genus. The single premolar, 
p 3, has a j)cculiar trenchant form; its inaximuin of develop- 
ment is attained in the arboreal Potoroos of New Guinea; 
in Hypisiprymnus dorcocephalusy e.g. its antcro-posterior extent 
nearly cqiials that of the three succeeding molar teeth. In 
all the Potoroos, the trenchant spurious molar is indented, 
espeifiially on the outer side and in young teeth, by many small 
vertical grooves. The true molars, w i, 2, 3 , 4 , have large 
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subquadrate crowns; each presents four three-sided pyramidal 
cusps ; but the internal angles of the two opposite ^usps are con- 
tinued into each other across the tooth, forming two angular or 
concave tranverse ridges. In the old animal these cusps and 
ridges disappear, and the grinding surface is worn quite flat. 

In the genus Macropus ^ fig. 231, the normal condition of the 
l>crinanent teeth may be expressed as follows : — 

,3.3 0.0 1.1 4.4 

* iTl* l.V 474 “ ''*^* 

Tlie main difference, as compared with Ilypsiprpmnus, lies in the 
absence of the upper canines as functional teeth ; but the germs 
of these teeth are to be found in the young mammary fVetus of 
the Macropiis major^ and may be detected of very small size, 
<^)ncealed by the gum, in the adults of some small species of 
Kangaroos, as, e. g., J\Iacropus rujivenUtr^ Ogilby, and Macr. 

231 



psilopus, Gould. The croivn of the true molars supports two 
[n iiuvipal transverse ridges, with a broad anterior talon and a narrow 
hinder one. In most species a spur is continued from the hinder to 
tlic fore ridge, and another from the fore ridge to the front talon. 

Uemains of Kangaroos, larger than any living species, have been 
discov(M*ed in the same caves in Australia wdiicli contained the teeth 
and jaws of the extinct Dasyurus laniari us^ and they probably formed 
the prey of that species and of its contemporary the Thylacine 
which no longer exists in the continent of Australia.^ 

A gigantic extinct herliivorous Australian Marsupial (Di/^ru- 
hdon)^ the bulk of which may be surmised from the length 
the skull, which equals three feet, manifests 9 . dentition 
which makes the nearest approach to that of the Kangaroos; 
but the anterior or median pair of upper incisors present the 
condition of large, curved, scalpriform, ever-growing tusks, 

* cxviii'', vol. ii. 
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Avhicli work against a similar but straight procumbent pair of 
incisive tusl^^ below; thus presenting a transitional feature 
between the Kangaroos and the Rodent form of Marsupial called 
Wombat {Phaiicolomys),^ In tins genus, the dental system pre- 
sents the extreme degree of that degradation of the teeth, inter- 
mediate between the front incisors and true molars, which has been 
traced from tlic Opossum to the Kangaroos ; not only have the 
functionless prcmolars and canines now totally disa])peared, bur 
also the ,pO|§terior incisors of the up])er jaw, which avc have seen 
^in the Koala and Potoroo to exhibit a feeble degree of develop- 
ment as compared with the anterior pair ; these, in fact, are alone 
retained in the dentition of Phnscolomys, The dental formula of 
the Wombat is thus reduced, both in number and kind, to that 
of Rodentia^ viz, — 

2 0 11 44 


The incl.sors, /, moreover, are ^<lentes sealprarii,’ but are in- 
ferior, especially in the lower jaw, in their relative length and cur- 
> vat lire to those of tlie 


plaeental GUrcs ; they 



pres’ei 1 1 a siibt ried ra 1 
figure, and are tra- 
versed by a shalh>>v 
groove on their mesial 
surface. The prcmohirs, 
/^ a, present no trace 
of that compressed 
structure which cha- 
racterises them in the 
Koala and Kangaroos, 
hut have a wide oval 


transverse section ; those of the upper jaw lieing traversed, on 
the inner side, by a longitudinal groove. The true molars, 
m 1-4, are double the size of the preinolars ; the superior ones 
are also traversed by an internal longitudinal groove; but this 
is so deep and wide that It divides the whole tooth into two 
jirismatic portions, with one of the angles directed inward. The 
inferior molars arc in like manner divided into two triedrnl 


])ortions ; but the intci'vcning groove is external^ and one of the 
facets' of each prism is turned inward. All the grinders arc 
curved, and describe about a quarter of a circle. In the upper 
jaw the concavity of the curve is directed outward ; in the 


* CLXXX, p. 431. 
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lower jaw', inward. The false and true molars, like the incisors, 
liavc persistent pulps, and are, consequently, devoid of true fangs, 
ill which respect the Wombat differs from all otHfer Marsupials, 
aud resembles the extinct Toxodon, the dentigerous liruta, and 
herbivorous RodaUia. 

A retrospect of the modifications of marsujiial dentition shows 
them to be ilivisible into two classes : one ‘polyprotodont,’ or cha- 
lacteilscd by several pairs of mandibular incisors ; the other ‘di- 
[)rot<.)dont, or by a single pair : these are large, more or less 
procumbent, and ever-growing; the indsors of th#' first group 
are small, ami of the usual limited growth. ^I’he polyprotodolat 
type prevails in the American genera: the diprotodont obtains 
ill the majoiity of the Australasian marsupials, and is associated 
usually with vegetarian or promiscuous diet. There did exist, 
however, coeval with Diprotodon , Nototheriurn, &c., in a ter- 
tiiiry .age in Australia, a carnivorous marsu|)ial equalling the 
Lion in size, Avith the <H- 
]»rotodout type of dentition 
adaptively modified for prey- 
ing on the huger contem- 
iwirancous Herhivora. 

The pair of incisors in the 
lower jaw, fig. 233, i, jind 
tlieir homoty|)es above, i \, 
were ‘ canines ’ in .size aiul 
' hape : a .single tooth of the 
molar series on each side of 
l)olh jaw s, ib. p 4, was concomitantly modified to act as a ‘ sec- 
torial’ or flesh-cutting tooth; the crown being narrow or 
‘ coniprcsscd,’ long aiitcro-postcriorl^-, with the sides marked by 
taatical folds or grooves, and converging to a rather oblique 
cutting edge, that of the upper blade playing on the outside of the 
tower one. Those ‘ seetorials ’ were larger than in the Lion or 
tiger, and were even more ^camassial ’ as wanting the ‘ tubercle,’ 
;‘nd consisting wholly of the ‘ blade.’ Behind the upper sectorial 
w <me small tubercular, m i, of the relative projiortion of that 
m l^ehs : the lower sectorial is followed by two small teeth with 
f^ubtuberculate crowns, m i, ?n 2 . The teeth between the camas- 
sia s and laniary incisors arc too small for definite use. So far 
•13 present fossils show, the dentition of Thytacoleo wast— - 

.3.3 1.1 2.2 l.l 

* rr ^0.0’ 2.2 ^ 

J lie chief business of the teeth was delegated to the tusks and 
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Dentittuu of lower jaw, Pia^htnlnc. 


carnassials ; developjnent was concentrated on these at the cost of 
the rest of the normal or typical dental series. The foremost 
teeth seized, pierced, lacerated or killed, the carnassials divided 
the nutritive fibres of the prey. 

exemplifies the simplest and most eifective dental 
machinery for predatory life known in the Mammalian class. It 
is the extreme modification, to this end, of tlie diprotodont type 
of Marsupialia. The skull exhibits all the concomitant carnivo- 
rous modifications, in a like extreme degree.* 

It is inferisting to note that, just as the exceptional modifica- 
of the polyprotodont type, in the modern Myrmecohius^ was 

manifested by Ampliitherium in 
Oolitic times, so likewise was the 
^ zoophagous diprotodont modifica- 

tion ; but on a smaller scale than 
in Thylacoleo, The lower incisor 
in Playianlav^ fig. 2.34, z, wsis a 
large, upeurved, pointed tusk: tlie 
carnassial, p. 4 , was of great for'c- 
and-aft Imigth, coupled with nar- 
rowness, and an oblique cutting edge, rendered sub-serrate by the 
better-marked and more oblique lateral grooves, than in Thyla- 
coho. Anterior to the carnassial, /y, 4 , there arc two or three 
similar and smaller sectorial prcmolars, in Playiaulax^ more of 
the general diphyodoiit type being retained in the older zooplia- 
goiis diprotodont. Behind the carnassial are two small tubercii- 
late molars, m l, m. 2, as in Thylacoleo, Some PaUeontologists, neg- 
lecting Cuvier’s guide-post of the true molar as the light-giving 
tooth, have been led astray in regard to the affinities of Plagh 
aulax^ referring it to the ‘ poepbagous Potoroos and Kangaroos,’ 
which combine with a single trenchant and grooved f)remolar, fonr 
large and massive grinders, of quadricuspid or transversely ridged 
structure. 

C. Jlodentia, — In different orders of the placental as in the 
inarsu[)ial diphyodonts there are instances in which the ordinary 
number of incisors is diminished, and tlicir growing power trans- 
ferred to a single pair of tusks projecting from the forepart of the 
upper or the lower jaw, or of both. The Dinothercs, Toxodons, 
Mastodons, and Elephants, among the Uvyulata^ the Diigong in 
the Sire/nia, the Aye-aye in the Quadrinmma^ are instances ot 
this modification, which reaches its extreme in the latter mamnnd 
arid the elephants. In numerous Lissvncephala a single pair 
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of large curved ever-growing incisors, in each jaw, is combined 
with so many peculiarities of structure, as to have led to their 
association into one order* called by Linnseus and by 

Cuvier ^ Ilongeurs ’ or ‘ liroders,’ from the gnawing power and 
habit resulting from such dental modification. 

The incisors, fig. 235/ h are separated by a wide interval 
from the molars : the upper pair, ib. describe a larger segment 
of a smaller circle, the lower ones, ib. if, a smaller segment of a 
larger cirek these are the longest incisors, and usually have 



Dviititlon of tlio raiiyl)arn. 

tlieir alveoli extended below, or on the inner side of, those of the 
molars, to the back part of the lower jaw, fig. 129 : but in the 
Hare they reach only midway toward the angle. As in all teeth 
of unliinito<l growtli, the implanted part of the incisors, besides its 
length, retains the form and size of the exposed ])avt or crown, to 
the widely open base, wlilch contains a long couical persistent 
dentinal pulp, ib. f/, and is surrounded by the capsule in a pro- 
gressive state of ossification, as it ap|)roaches the crown; an 
enamel-pulp is attached to the inner side of that part of the cap- 
sule which covers the convex surface of* the curved incisor. 

'^riic calcification of the dentinal pul[), the deposition of the 
eartliy salts in the cells of the cnamel-piilp, and the ossification 
of the capsule, proceed contcmi)oraneoiisly ; fresh materials being 
added to the base of the vascular matrix as its several constituents 
arc progressively converted into the dental tissues in the more 
advanced part of the socket. The tooth, thence projecting, 
emisists of a body of compact dentine, sometimes with a few short 
vnedullary canals continued into it from the persistent pulp-cavity, 
"itli a plate of enamel laid upon its anterior surface, and a 
general investment of cement, which is very thiu upon the enamel, 

, * Vol. ii. p. 276. 
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but less thin, in some Rodents, upon the posterior and lateral 
parts of the incisor. The substances qjf the incisor diminish in 
hardness from the front to the back part of the tooth, not only in 
so far as the enamel is harder than the dentine, but because the 
enamel consists of two layers, of which the anterior and external 
is denser than the posterior layer, and tile jiqsterior half of the 
dentine is rendered by a modified number aiul arrangement of the 
dentinal tubes less dense than the anteripr half. 

The abrasion resulting from the reciprocal action of the upper 
and lower incisors produces, accordingly, an oblique surface, sloping 
from a sharp anterior margin formed by the defise enamdl, like 
that which slopes from the sharp edge formed by the plate of 
liard steel laid on the back of a chisel ; whence the name ^ sculf)!*!- 
form,' ‘ dentes scalpravii,’ given to the incisors of the Bodentln. 
In LeporuUc the enamel is traceable to the back of tlie incisors : 
with this exception, the varieties to which these incisors arc sub- 
ject in the different Rodents arc limited to their proportional size, 
and to the colour and sculpturing of the anterior surface. Thus in 
the G uinea-pig, Jerboa, and Squirrel, tlic brea<Ith of ll»e incisors is 
not half so great as that of the molars: whilst in the Coy|>u they 
arc as broad as the molars, and in the Caj^e Mole-rats ( nathr/erf/us 
and Ortjeteronufs) are even broader. In the (^)ypn , Reaver, Agouti, 
and some other Rodents, the enamelled surface of the incisors is 
of a bright orange or reddish-brown c<>Iour. In some genera of* 
Rodents, as Ort/cteromf/Sy Otomys^ Meriones^ Ilydrocha^rus, Lejmsiy 
and Layomys, tlie anterior surface is indented by a deep longitu- 
dinal groove. This character seems not to iullucncc the food oi* 
liahits of the species : it is ]»resent in one genus and absent iji 
anotlier of the same natural family. In most Rodents th(‘ 
anterior enamelled surface of the scali)rirorm teeth is ,srnt)Oth and 
uniform. 

The molar teeth are always few in niimf)er, ol)li(iut‘ly implanted 
and obliquely abraded, the scries on each side converging ante- 
riorly in both jaws; but they present a striking contrast to the 
incisors in the range of their varieties, which are so numerous that 
they tyinfy almost all the modifications of* form and structure 
which are met with in the molar teeth of the omnivorous and 
herbivorous genera of other orders of rnaimnalia. In some 
RoclentS“e.g. Cavies, the molar teeth, fig. 236, in, are rootless ; 
others — C.g. the Agouti, have short roots, tardily developed like 
tlie molars of the Horse and Elephant ; others, again — c.g. the 
Rat and the Porcupine, soon acquire roots of the ordinary pi’u- 
portional length. 
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The differences in the mode of implantation of the molar teeth 
relate to the differences diet. The Rodents, which subsist on 
mixed food, and which betray a tendency to carnivorous habits, as, 
e.g., the true Rats, or which subsist on the softer and mime nutri- 
tious vegetable substances, such as the oily kernels of nuts, suffer 

23G 



(.V;m:uiii jiimJ uppoi* Ut.*lh of tlu? ralneoninn ('avy [T>olicUot}f'^. 

less I'apid al)nision of (lie molar teeth ; a minor depth of the crown 
is therefore needed to jierfonn the otliceof inaslication during the 
brief* period of existence allotted to these active little Mammals: 
and as the oconoiny of nature is manifested in the smallest parti- 
culars as well as in her grandest o])erations, no more dental sub- 
stance is developed after the crown is formed, than is requisite for 
tlie firm fixation of tlic tootli in the jaw. 

Rodents that exclusively subsist on vegetable substances, espe- 
cially tlie coarser and less nutritious kinds, as licrbage, foliage, 
tlie bark and wood of trci;s, wear away more rapidly the grinding 
surfaee of the molar teeth ; the crOAvns are tlierefore larger, and 
their growth continues by reproduction of tlie formative matrix 
at their base in proportion as its calcified constituents, forming 
tlie exposed working jiart of the tooth, arc worn away. So long 
as this reproductive force is active, the molar tooth is implanted, 
like the incisor, by a long undivided continuation of tlie crown. 
The rootless and pci’jietually growing molars are always more or 
less curved, fig. 236, /i, m ; they derive from this form the same 
advantage as the incisors, in the relief of the delicate tissues of 
the active vascular matrix from the effects of the pressure which 
would othenvise have been traUvSinitted more directly from the 
grinding surface to the growing base. 

The complexity of the structure of the crown of the molar 
teeth, and the quantity of enamel and cement interblendod with 
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tlie dentine, are greatest in the rootless molars of the strictly 
herbivorous Rodents. The’ crowns rooted molars of the 

omnivorous rats and mice are at first tuberculate. When the 
summits of the tubercles are worn off the inequality of the 
grinding surface is for a time maintained by the deeper transverse 
folds of enamel, the margins of which are separated by alternate 
valleys of <lentine and cement ; but these folds, sinking only to a 
slight depth, are in time obliterated, and the grinding surface is 
reduced to it smooth field of dentine, with a simple border of 
enameh Examples of various forms assuineflk Ijy the inflected 
iblds of enamel in the molars of the Rodentit^ given in the 
works of the Cuviers and other naturalists.* Thesq. folds liave a 
general tendency to a transverse direction across the crow-n of the 
tooth (vol. ii. fig. 236, p. 370): the joint of the lower jaw almost 
restricts it to horizontal movements to and (Vo, in the direction of 
the axis of the head, during the act of mastication. When the 
I'olds of enamel dip in vertically from the summit to a greater or 
less depth into the substance of the crown of the tooth, as in those 
molars which have rootv'?, the configuration of the grinding sur- 
face varies with the degree of abrasion; but iii the rootless 
molars, wdiere the folds of enamel extend inward from the 
entire length of the sides of the tooth, the characteristic coji- 
figuration of the grinding surface is inaintaiucd without varia- 
tion, as in the Guinea-pig, the Capybara, and the Patagonian 
Cavy. 

The Avhole exterior of the molar teetli of tlie Rodenfin is covered 
by cement, and the external iiiterspaces of the onanud-folds are 
filled Avith the same substance. In the Chinvhillidfv. and the 
Capybara, Avherc the folds of enamel extend quite across tin*, 
body of tlie tooth, and insulate as many plates of dentine, these 
detached portions are lield together by tlie cement. Such folds 
of enamel arc usually parallel, as in tlie large posterior lower 
molar ot the Capybara, Avliich, in shajie and structure, offers a 
very close and interesting resemblance to the molars of the Asiatic 
Elephant, The modification observed in the Voles (Arvicola) calls 
to inind the molars of the African Elephant. The jiartial folds 
and islands of enamel in the molars of the Porcupine and Agouti 
foresliOAV the stru<?tijre r>f the teeth of the Rhinoceros. The 
opposite lateral inflections of enamel in the molars of the Gcrbillc 
and Cape Mole-rat, represent the structure of the molars of the 
Ilippf>potanius, The double crescentic folds in the Jerboa sketch 


* uxx"^. and cxxi". 
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out, as it were, the 'characteristic structure of the molars of the 
Anoplothere and Bumin|,nts, &c. 

The transverse section%f the molar of the Water-vole, fig. 237, 
sliows that modification of the grinding surface in which the folds 
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of enamel, extend like promontories, some outward, the otliors 
inward, into the snhstance of tlic crown; a like section of the 
Beaver’s molar exhibits islands with a promontory of enamel. 
The transverse section of the crown of tlie mohxY of Lrigostomus 
disjjlays not fewer than five islands of enamel, whicli hard sub- 
stance is so thick that it enters more al)iindantly into the compo- 
sition of the tooth than the dentine itself. The pnlp, after the 
formation of a certain thickness of tubular dentine, becomes 
converted into ostco-dentine in both the rooted and rootless 
molars of the Rodents. This fourth substance is exhibited at o, 
fig. 237, which shows the four ditferent dental tissues, viz. cement, c, 
enamel, e, dentine, r/, and osteo-dentine, o, entering in more equal 
proportions into the formation of the crown than in other Mam- 
malian teeth. When the crown is worn by mastication down to 
tlic place of the section figured, the four suhstances appear in the 
same proportions on the grinding surface, contributing to its effi- 
ciency as a triturating organ by the inequalities consequent on 
their various degrees of density and resistance to the abrading 
forces. 

The molars are not numerous in any Rodent ; the Hare and 
Rabbit (Lepus) have i.e. six molars on each side of the 
upper jaw, fig. 238, and five on each side of the lower jaw, vol. ii. 
%. 233. The Pika (Laffomi/s) has The Squirrels have 
Uie families of the Dormice, the Porcupiii(?s, the Spring-rats 
{ Eiihimyidm)^ the Octodonts, the Chinchillas, and the Cavies, figs. 
235, 236, have molars. In the great family of Rats(il///r/rfrt? 
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the normal number of molars is g ; but the Australian Water- 
rat {Ilydromys) has but molars^ making, with the incisors, 
twelve teeth, which is tlie smallest number in the liodent order* 
The greatest number of teeth in the present order is twenty-eight, 
which is exemplified in the Hare and Rabbit; but forty teeth 
are developed in these species, ten molars and two incisors being 
deciduous. 


The first or ^anterior of the molar series, whether the number 
be 2 2, 3- a, Gt 4-4, is a prcmolar ; it has displaced a deciduous 
predecessor in tlie vertical direction. When the series extends 
to 5-5 or G-B, the additions are to the fore pj^rt, and are })rc- 
molars. Tliis it is which constitutes tlie essSntiul distinction 
between the dentition of the marsupial and the placental Rodent; 
the latter, like the placental Carnivora^ Qundrnmana^ and Unyu- 
lata, having never more than three true molars. Thm^ the Rodents 
which have the molar ibrmnla of shed the first tooth in each 
series, and this is sucitecded by a permanent premolar, which comes 

• into place later than the true molars later at least than the first 

and second, even when the deciduous molar is shed before birth, 
as was observed by Cuvier in the Guinea-pig, In the Harij and 
Rabbit, three anterior teeth in the ujipcr jaw, fig succeed 

and displace three deciduous predecessors, ib. d, coming into place 
alter tlic first and sccrnid true molars, ib, in, are in use, and con- 





deciduous and porraaiient teetli of 


temporaneously with the last 
molar. It does not appear 
that the scaljirifovm incisors, 
ib. /, are preceded by milk 
tcetli, or, like the prcmolars 
of the Guinea-pig, by ute- 
rine teeth ; but tliQ second 
incisor, ib. i, 2, is so preceded 
— c.g. by the tooth marked 


d, i, 2 , at which ])eri()d of dentition six incisors are present in tlie 


upper jaw. Tills condition is interesting both as a transitory mani- 


festation of the normal niunher of incisive teeth in the mammalian 


series, and as it elucidates the disputed nature cf the groat anterior 
scalpriform teeth of the Rodentia. It has been contended that 
they are canines, because those of the upper jaw extended 
their fang backward into the maxillary bone, which lodged part 
of their hollow base and matrix. But the scalpriform teeth arc 
confined cxclusivi^ly to the premaxillary bones at the beginning 
of their formation, and the smaller incisors which arc developed 
behind them, in our anomalous native Rodents, the Haro 
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IlMbbit, retain tlieir tksual relations witb the prcrnaxillaries, tlms 
proving, a furtiori^ that the tooth which projects anterior to them 
must also be an incisor. 

The law of the unlimited growth of the 8cal])riform incisors is 
unconditional ; and constant exercise and abrasion are re<pHred 
to maintain the normal and serviceable form and proportions of 
these teeth. When, by accident, an opposing incisor is lost, or 
when, by the distorted union of a broken jaw, the lower incisors 
no longer meet the upper ones, as sometimes happensf to a wounded 
hare, the incisors continue to grow until thej'^ project like the 
tusks of the elephant, and their extremities, in the poor animars 
painful attempts" to accpiire food, also become pointed like tusks. 
Following the curve prescribed to their growth by tlie form of 
their socket, tlieir points often return against some part of the 
head, are pressed through the skin, 
tlicn cause al»sorptimi of the jaw-bone, 
and again enter the mouth, rendering 
mastication impracticable and causing 
death by starvation. 1 have seen a 
lower jaw of a lioaver, in which the 
sealpriform Incisor has, by unchecked 
growth, (lcs(U'il)cd a complete circle. 

The ])oint had ])iercod the mavsseter 
muscle, aiul entered the liack of the 
mouth, passing between the condyloid and coronoid processes of 
the lower jaw, descending to tlic liack ]>art of the molar teeth, 
in the advance of the part of its own alveolus, which contains its 
hollow root. The upper jaw of a Kabbit, with aii analogous ab- 
normal growth of the sealpriform and accessory incisors, is shown 
ill fig. 239. 

1). Lisectwora. — TihQ dental system in tliis order is remarkable 
for the many varieties and even anomalies Tvhich it presents — 
almost the only characteristic predicable of it being the presence 
of sharp points or cusps upon the crowns of the molar teeth, 
which are always broader in the upper than in the lower jaw. 
The teeth that intervene between these and the incisors are most 
variable in form and size, but are never absent; the incisors 
differ in number, size, and shape, in different species, the anterior 
ones approximating in some species to the character of the sealpri- 
form teeth of the Rodents. They may be wholly absent in the 
upper jaw, fig. 242, a. 

The Chrysochlore, or iridescent Mole of the Cape, makes the 
nearest approach, by the number of its molar teeth, fig. 240, to 
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that remarkable condition which a solitary genus (^Myrmecobius) 
of existing Marsupials also presents, and which was more abun- 
240 dantly manifested in the 



DouMtIoii Of <..'liry.sochloro, wagri. 

1. rppor j.'iw, h i*l(jc viyw, a tfrluiliiig surface. 

2. Lower jaw, a grindinif aurLaco, h side view. 


extinct Amphitheria and 
Spalacotheria of the Oo- 
litic period. At least 1-:^ 
true molars may be as- 
signed to the Chryso- 
chlore according to their 
form — the only eluirac- 
ter, in the absence of the 
known order of their 
vertical displacement and 
sii(!Ccssion, by which the 
true and false molars can 
at j)resent be defined in 
this species. In iIkj 
npjier jaw, ib, 1, the an- 
terior large laniariform 
tooth, and the two suc- 
ceeding small teeth, are 
incisors, by virtue of 
their position in the pre- 


maxillary bones ; the next small tooth, with a simple compressed 


tricuspid crown, may be regarded either as a canine or a prcmolar. 
The crowns of the true molars are thin plates, narrowed from be- 
fore backward, with t^vo notches on the working edge, and a longi- 
tudinal groove along tlie outer and thicker margin. Another 
anomaly, more r<‘inarkal}le tluin that of the sha])e of the true 
molars, is their sei>aration from each other by vacant intervals, 


as in many lieptiles. 


The crowns of the five lower true molars, ib, 2, 2 . ..6, are com- 
pressed antero- posteriorly, but are of unusual length, and have 
the tliicker margin turned inward ; the summit of the outer 
border is pointed and most prominent ; the inner division is sub- 
divided into two points. The anterior incisor is small and pro- 
cumbent ; the second has a larger laniariform crown ; the third 
is small, and resembles the two premolars which intervene be- 
twem this and the first large tricuspid molar. The lower molars 
arc separatcid by wider intervals than those above ; the crowns of 
the opposing series enter reciprocally the interspaces, and intep- 
locb^ in mastication, the anterior margin of the lower tooth works 
upon the posterior margin of the opposite upper tooth. 
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The of the nature of these teeth, as given in the foregoing 
description, are expressed by the following formula: — 


. 3.3 
' 3.3 ’ 


i.i 

2:2' 


6.6 
^ 5.5 


40 . 


The small insectivorous mammal, called Sjjahicotho'iuni, which 
has left its fossil remains^in the upper Oolite of Purbeck, had ten 
molar teeth on each side of the lower jaw, of'^w]^i<h six at least 
presented a tricuspid crown with proportions very similar to those 
of the Chrysochlore. 

In the Shrew-moles of America ( Scalo/fs) the dentition makes 
an important step towards the normal mammalian condition, by 
the restriction of the characters of the true molar teeth to the 
three posterior ones in each lateral series* Between these and the 
large stailpriform incisor, in the upper ja^v, there are six tcetli, 
the first two of which must also be regarded, ))y the analogy of 
the Chrysochlore, as incisors; the next tooth might pass for a 
canine; and the remaining three for prcmolars : of these the last 
is the largest, and has a triedral pointed crown. Tlui true molars 
liiive large crowns, eacli with 
six cusi)S,-f’our on the outer, 
and two on the inner part of 
the grinding siirlace. In the 
lower jaw the first incisor is 
small and procumbent, and 
the second large and laiii- 
ariforin ; the third is absent, 
and a vacant space separates 
the incisors from the three 
j>remolars, and the crown 
of each true molar consists 
of two parallel three-sided 
])risins, each terminated hy 
three cus|)s, and having one 
of the angles turned out- 
ward, and one of the faces 
inward. The dental formula 
ot this genus, according to 
the above description, is — 



3.. 3 
2.2’ 


1.1 3.3 

"on’ ^3.3^ 


3.3 

'3.3 


36 . 


Oeiitltiua of MoJe i^Talpu). 


The dentition of the common Mole (^'Talpa europvsd)^ fig. 241 , 
includes eleven teeth on each side of both upper and lower 
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jaws. The first three, /, in the upper jaw are very small, with 
simple incisive crowns, and are each im2)laiited by a long and slender 
tang in the premaxillary, 22 : these teeth are incisors. The next 
tootli, r, by the size and sliape of the crown, represents a canine, 
but it is implanted by two fangs, like the succeeding premolar 
teeth. Three of these teeth, p i, 2, 3, are of small size, with 
compressed conical crowns ; the fourth premolar, p 4 , has a larger 
tliree-sided crown, supported by three fangs : the crowns 

of the true molars, m 1, 2, a, are multicuspid ; the middle one the 
largest, with five j)oints, and iisiLally supported by four fangs, the 
lundmost the smallest, with a tricuspid crown and three finigs. 
I n the lower jaw the first four teeth on each side are siufill, simple, 
and single-fanged, like the three incisors above, but the outiM*' 
most, c, is the largest; the fifth tooth has a large laiiiarilbrin 
crown, sui)ported by two fangs, being very similar to, but shorter 
than, the two-fanged canine above. As it passes behind tlitit 
tooth when the mouth is shut, we must regard it as a premolai-, 
p 1 : it is the first an<l largest of the series of fmir premolars, 
each of which has a small posterior talon at the base of the coin- 
pressed conical crown. The three true molars, m 1, 2, 3, are 
each implantt‘d by two fangs, and have qiiinquc-cuspid crown. , 
the middle molar beiim tin* lar^jost. 

c? 

According to this homology, the denial formula of the genus 
Talpa i.s — 

. 3.3 1,1 4.4 3.3 
3.3’ l.l*' 4,4 3.3 

The teeth arc equal in niiml)cr, and alike in both jaws ; the true 
molars arc reduced to tlie normal quantity in the placental scries, 
and the entire dentition is tlie least anomalous of any which i.s 
manifested in the family 7 \dpidcp. 

The transition from the Moles to the Shrews seems to be maiJe 
by the Water-moles {Mi/yah;) and the Solmodon. The lattoj* 
inseetivore combines the form of a gigantic Shrew, with a denti- 
tion resembling that of tlic Chrysochlore. Each premaxilhiry 
bone contains three incisors, the first large, canine-shaped, grooved 
anteriorly, with the point inclined backward ; the other two 
incisors small, with simple conical crowns ; these are succeeded 
by seven teeth, the two anterior having three-sided conical 
erbwns, the other five bearing, in addition, an external tuber- 
culate basal ridge. In the lower jaw, the anterior incisor is very 
small, and t\i^ second large and laniariform, as in Scalops, but it 
is 'remarkablfe for a deep longitudinal excavation upon its inner 
side ; the third lower incisor is small and simple. Of the seven 
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succeeding teeth, the four lasst have multicuspid crowns like true 
molars. Potamoyale ' has — 


0.0 3.3 3.3 


In this large otter-likc piscivorous shrew the anterior tooth of 
the preinolar series, in the above formula, may be homologous 
with the canine in fig. 242 ; the double fang of the upper one 
would not bar such determination. The posterior incisors and 
the preraolars have triangular trenchant crowns like the teeth of 
some sharks : the anterior upper, and the second lower, incisors 
are large and prehensile, as in Solenodo7i, 

I'fie typical Shrews always manifest their rodent analogy by 
the great preponderance of the anterior pair of incisors in both 
upper and lower ja^vs (vol. ii. p. 277 , fig. 155^). In the lower jaAv 
the great incisor, ib. 2, is uniformly succeeded by two small, 
p 3, 4, and three large, m 1 , 2 , 3 , multicuspid molars; but in the 
u[)per jaw the number of small preinolars varies. The last true 
molar is commonly of small size. The subgenera of Shrews are 
chiefly based upon the form of the large incisors and the numerical 
variations of the dentition of the upper jaw. In the common Shrew' 
{Sorex araiieus^ Linn.) there are three true molars and four small 
teeth lietwceii those and the anterior incisor; this tooth, ib. 1, /, 
has a pointed tubercle at the back of the base of the crown. The 
long procumbent incisor of the loiver jaw has the trenchant supe- 
rior margin entire. In the Sorex {Ainphisorex) tetrayonurus, the 
upper edge of the low er incisor is notched ; the large upper incisor 
apj)c*ars bifurcate from the great development of the posterior 
talon; five small teeth, progressively decreasing in size, intervene 
between the upjicr large incisor and the true molars. In the 
Sorex {Hydrosorex) Hermanniy the trenchant edge of the lower 
j)rocumbcnt incisor is entire; there arc four small teeth between 
the large anterior incisor and the true molars in the upper jaAv, as 
in the great Sorex tjidici/s; but the three first are subequal, and 
the fourth very minute ; there is a fourth small true molar above. 
The enamelled tips of the toctli of the spc(des of Amphisorex and 
llydrosorex are stained of a bright brown colour ; the teeth of Sorex 
proper, as the common Shrew {S, aranciis^y are not so stained.'* 

In the progress of the formation of the large notched incisors, 
the summits of the tubercles are first formed as detached points, 

* Bu Chaillu, xiiC', and clxvi", p. 353. 

* CLXV", p. 6. 

* In this figure the tooth marked /> 1, being at the suture of the pi^maxillary with 
the maxillary, should be the caiiiue, c 1. 

* C1.XV11", p. G. 
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supported upon the common pulp, and do not become united 
until the centripetal calcification has converted this into a common 
dentinal base. Some anatomists have regarded the large incisor 
so formed as an aggregate of .two or three teeth; but in Sorex 
proper and IJi/drosorex, the calcification of the lower incisor 
spreads from a single point, and the interpretation of the notched 
incisor of the Amphisorex^ as the representative of these incisors, 
might, by parity of reasoning, be applied to the liuman incisor 
teeth, the dentated margins of Avhich are likewise originally three 
or four separate tubercles. 

The determination of the small teeth between the lara:e an- 

• • • ^ 
tenor iiicis«)rs and tlie miilticiispid molars depends upon the 

extent of the early anciiylosed prcmaxillaries ; the imdsors being 

defined by their implantation in those bones, the succeeding small 

and slmj)le-crowned molars must be regarded as preinolars, not 

any of them having the development or office of a canine tooth ; 

their homoty])es in the lower jaw are implanted by two roots. 

The tliickness of the enamel, in proportion to the body of 
dentine, is unusually great in tliesc small insectivorcs, and the 
sharp points of the teeth long retain their fitness for the office 
of cracking and crushing the liard or tough teguments of insects. 
The enamel-i)ulp of the lower incisors so large as to over- 
lap, in the young Shrew, the growing margin of the socket, so 
as to encase with enamel not only the crown of the tooth, hut 
also the contiguous part of the jawbone : tlie roots of tln^se teeth 


242 

A 



UpiitlUon of lihynrhof'i/on. i.xxxiv'. 


also become anchylosetl to 
the jawbone, a rej)tilian cha- 
racter offered by the Soricidm 
alone in the Mammalian class. 

In a large long-legged and 
long-snouted African Shrew 
( Rhynchoa/ony Peters * ) the 
lower incisors are bilobed ; 
the upper ones absent, giving 
the following dental foi- 
muhi, fig. 242 : — 

.0.0 l.l .3.3 3.3 ,, 

The preinaxillaries terminate 
in a trenchant edentulous 


border, A, as in the true ruminant : to the hard gum covering it are 
opposed the crowns of the six lower incisors, ib. B, i ; a canine, c, 
with a similar-sized but simple crown, seems part of the scmi-cir- 
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(lular incisive series, as h\ ruminants, and is separated by a slight 
interval from the preinolar, 2. The canine above, A, c, has a long 
compressed pointed crown, with a sharp hind border: its root is 
deeply implanted and divided into two fangs: it descends outside 
the lower teeth and their alveoli, reminding one of the canines in 
the small Musk-deer. The upper premolars. A, 2, .3, 4, have 
com})ressed pointed crowns increasing in size as they approach 
the molars : the hind border of the second has one notch, that of 
the third two notches^' and a low sub-bilobed inner portion. The 
molars decrease in size to the third : the first and second above 
have two outer (*uspvS more produced than the two inner ones : 
the third molar has the hind i)air blended into one cusp. The 
iirst lower premolar lias a longer but thinner ei’own than the 
last. The first and second lower molars are 4-euspid ; the third, 
;]-cus])id; and the first has an anterior talon. 

Macrosedidea and Petrodrotuuit^ also South African Insec- 
tlvora with long luiid-limbs and a long snout, have similar 
-l-cus[)i(l molar teeth, the last molar the smallest and with the 
outer and inner cusps of the hind jiair blended into one. The 
last prcmolar above has a low beginning of the inner cusps, 
which are the lowest in the true 

molars. In the lower jaw of | x 

Mavroscelides fusetts tlic type ^ ^ b 

series is preserved, viz.: — /a, ^ a /|||)| 

V 1, p 4, m 3 ; but p i is undeve- ^ \ * 

loped above; and ris wanting, 1 “ 

both above and bchnv, in Pc- 1 

trodromus, as in Uhjjnchoct/on. \ 

Bdcoyale crassicanda (Pe- ^ \ * 

ters), with the following for- j 

,3.3 1.1 3.3 3.3 ^ ^ a 


IS remarkable for the large [iro- '7 if ^ 

portional size of the ujiper \ r 

outer incisor, wdiieh almost d 

equals the canine. J7 

In the dentition of the Tii- ® 

paias (^Glisorex^ fig. 243) we I. Upper jHW, b ePle view, a workiiigc eurfHce 

trace characters intermediate =>• i-»'vcri»w.,.w«rki..«*«rr:.c...irtd«view. 

between those of Shrews and Hedgehogs. The dental formula of 
Glisorex tana is — 

.2.2 1.1 8.3 3.3 

' 0 <>' ® 1 1 ’ P 5 
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The upper incisors are small, simple, and wide apart in the 
upper jaw, 1 ; the anterior incisor in the lower jaw, 2, is long and 
procumbent, but relatively smaller than in the Shrews ; the 
canines are small in both ja%vs ; the premolars, 2 , a, 4, increase 
ill size and coin[)lexity as they approach the triie molars, 1 , 2 , 3. 

In Gymnura each premaxillary bone contains three teeth ; the 
next has the form and size of a canine in both upper and lower 
jaivs, but has two roots in the upper jaw ; this is followed by four 
preniolars, the last of which, in the upper jaw, is large and quad- 
riciispid : the first and second of the true molars have square 
multiciispid crowns; the last molar is smaller and triangular. 
In the lower jaw the fourth premolar has a comprcsscal tricusjiid 
crown. The dental formula of Gymnura is typical, viz. : — 


. 3.3 


1.1 4.4 


3.3 ^ , 

3:3 


The dentition of our common Hedgehog {Erinaceus europceus) 
shows greater inequality in the upper and lower jaws, the formula 
being — 


3.3 

3.3’ 


c 


1.1 

(i.O* 


3.3 

2 . 2 ’ 


m 


3.3 

3.3 


== 36, 6g. 244. 


The first incisor in both upper and lower jaws is larger and 

longer than the rest, and 
is very deeply implanted 
in the jaw; the tooth 
which follows the irudsors 
is small in both jaws, 
but especially so in the 
lower; it may be called 
a canine with two roots 
in the upjier jaw, p 1 . 
The last premolar is the 
largest in both jaws ; 
above it has a quadri- 
cuspid crown with three 
fangs ; below, a subcom- 
pressed tricuspid crown 
with two fangs. The true 
molars decrease in size 
from the first to the third 
in both jaws, the first 
and second have sub- 
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quadrate four-porated crowns above ; below, they are narrower, 
and the anterior and inner angle is produced into a fifth cusp. 
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The true molars of the tropical Hedgehogs, forming the sub- 
genera Echinops and Ericulus^ are more simple, and approach the 
form of those in the Chrysochlore, being compressed from before 
backward, with two outer cusps and one inner cusp in the upper 
jaw, and with one outer and two inner cusps in the loAver 
jaw. The number of incisors is | : | in both subgcnera, which arc 
followed by | small and simple premolars ; but JiVicwfes has 
compressed tricuspid molars, and Echinops only 

The large Tenrecs or tailless Hedgehogs of Madagascar, com- 
bine the simple molars of Ericulus with the most formidably 
develoi)ed canines which are to be met with in the wdiole order 
Inscctivora. The incisors are two in number in the upper jaw, 
but three in the lower jaw’; very small and vSub-equal in both; 
the canines are long and large, compressed, trenchant, sharp- 
pointed, recurved, and singlc-fanged, thus presenting all the 
typical characters of those teeth in the Carnivora. They arc 
separated in both jaws by a wide space from the prcmolars; the 
first above is compressed, unienspid Avith a hinder talon, and 
t w(»-fiinged ; the second has a larger prismatic tricuspid eroAvn and 
three fangs; of the four posterior teeth, Avhich by their antero- 
jiosterior compression may be regarded as true molars, the first 
tliree have tricuspid croAvns as in the Echinops^ and have three 
fangs; the fourth is smaller, is tricuspid, and lias two fangs ; all 
the lower molars have two fangs. 

The teeth of Tnscctivora consist of a basis of hard dentine, 
with a thick coronal investment of enamel, and an outer covering 
of cement, very recognisable in the intersjiaces of the coronal 
cusps in microscopic sections of the molars of the larger species, 
as the Tenrecs and Macroscclids, and always thick Avhen it closes 
the extremity of the fangs. Here the cement is commonly more 
highly organised, is traversed hy medullary canals, generally 
presenting concentric Avails ; it thus assumes the character of true 
bone, and, in the SoricidcRj is frequently continued into the sub- 
stance of the jaAv itself. 

The small proportion of dentine, in comparison Avith the thick 
layer of enamel, has been already alluded to in the Shrews, yet 
the dentinal iubuli are at their commencement very little inferior 
in diameter to those of the human incisors; the trunks arc very 
short, and are resolved into radiated penicilli of undulating 
branches, which quickly subdivide, interlace and anastomose 
togethtjr near the boundary line bctAA'cen the dentine and enamel. 
In most of the Insectivoroy the secondary branches of the den- 
tinal tubes are unusually conspicuous, especially in the dentine 
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forming the fangs. The dentinal compartments (vol. i. fig. 237) 
are rsirely well defined ; in the large canines of the Ceiitetes they 
are subhexagonal. ^ 

The deciduous teeth of the Moles and Shrews are uterine, i.e., 
are developed and disappear before birth. They are extremely 
small, and are all of the most simple form. In the fetal Sorex 
amneus calcification of the papillary exposed pulps of the teeth, 
which are succeeded by the first and second premolars, proceeds 
to a very slight extent, and these microscopic rudiments appear 
to be absorbed rather than shed. The deciduous incisors are 
further advanced before tlieir displacement, and present the form 
of equal-sized dentinal spicula, tipped witli enamel, attached by 
the opposite end to the gum, and not exceeding Jth of an inch 
in length ; the number of the uterine series of teeth is 

In the volant Tnsectivora^ or IJats, the canines are always 
present in both jaws, of the normal form, and with slightly 
variable proportions. The molar series never exceeds and is 
divisible into premolars and true molars ; the latter are bristled 
with sharp points in the great bulk of the Cheiroptera. The inci- 
sors are the most variable teeth ; they may be entirely wanting, or 

be present in the numbers of they are always very small, 

and, in the upper jaw, commonly unequal, and separated by a 
wide median vacancy. In the genus Ckilonyv.terh^ the mid- 
incisors above and the outer ones below have the crown notched ; 


the mid-incisors below have two notches, producing three lobes 
on the cutting border. Taking the common simple-nosed Bat 
^ ^ ( Vespertilio muriniis^ as a 

. V " type of this Insectivorous 

» iormulatobc— 


In the leaf-nosed Bats 
{Phyllostoma, fig. 245) the 
incisors are the mid 
])iiir above being large and 
Ian lari form ; the canines 
arc well-developed iu both 

I>cntuioin)f lea^noe(:«^ Ikl • rm i 

jaws. The second premo- 
lar above has a large, tricdral, janiitcd crown. The first and second 
molars have two large external, and three small internal cusps. 
The dentition of the bleod-sucking Bats deviates, as might be 
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246 



Skull Mild Toofh of Mio Vam- 
pire- B:it {iJeauwolus 


anticipated, in a remarkable degree from tliat of the insectivorous 
kinds. The crushing instruments required for the food of the 
latter arc not needed ; and the true molars, 
with their bristled crowns, are entirely fibsent 
in the Vampires {D€smodus\ fig. 246. The 
teeth, at the fore-part of the mouth, are espe- 
cially developed, and fashioned for the inflic- 
tion of a deep and clean triangular puncture, 
like that made by a leech. The incisors are 
two in number above, closely approximated, 
one in each premaxillary bone, with a very large, compressed, 
curved, and sharp-pointed crown, implanted by a strong fang which 
extends into the maxillary bone. The upj)cr canines have similar 
large lancet-shaped crowTis, and their bases touch those of the in- 
cisors. In the lower jaw the incisors are two in number on each 
side, much smaller than the upper pair, and with bilobed crowns. 
The lower canines are nearly equal in size to those above, and 
have similar piercing trenchant crowns. The molar series is reduced 
above to two very small teeth, each witli a sim])le compressed 
conical crown, iriij)lantc(l by a single fang. The first two molars 
below resemble tliose above ; but tlicy are followed by a third, 
which has a larger compressed and bilobed crown, implanted by 
two fangs. This tooth corresponds with tlie last preinolar in the 
more nonnal genera. The dental formula of the true Desmodus 
is thus reduced to — 


. 1.1 


2-2 

C , , ; P 20. 


i.r 


3.3 


The opposite extreme which tlie aberrant varieties of the Chei- 
roptcrous dentition attain is manifested in the gi'cat ftTigivorous 
Hats ; these constitute the genus Pteropus ; their dental formula 

is-- 

. 2.2 1,1 2,2 3.3 

* 2 . 2 * ^ 1.1 ’ 3 . 3 ’ ^ h.li ~ ^ 

(vol. ii. p. 388, fig. 2.52): their molars have broad flat crowns. 
In some African Pteropi (^Pt, ynacrocpphahfH and /Y. fVhitei) the 
last small molar would sccin to be wanting in both upper and 
lower jaws. The dcciduoris teeth make their appearance above 
the gum in Bats, as in Shixnvs, before birth; but they attain a 
more completely developed state, and arc retained until a short 
time after birth, when they are shed. 

The Colugos {Galeopithecus) resemble the Bats in the great 
expanse of their parachute, formed by the fold of integinnent 
extending on* each side from the fore to the hind extremity, and 
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in the incompleteness of the rim of the orbit (vol. ii. p. 388, 
fig. 253, a). The dental formula of the genus is — 


. 2.L> 1 .1 2.2 3.3 


The two anterior incisors of the n]>per jaw arc separated by a 
247 wide interspace. In the Phi- 

lipj)ine Colugo they are very 
small, with simple siib-bilobed 
crowns ; but in the common Co* 
higo (Leijtnr volans, Linn.; Cra- 
leopithecus Temminchii^ Wat.) 
their crown is an expanded 
plate with tlirce or four tuber- 
cles ; the second upper incisor 
presCTits the peculiarity of an 
insertion l)y two fangs in both 
species of Galeojyithficus, 

In the lower jaw the crowns 
of the first two incisors, ]>re- 
sent tl)e form of a comb, and 
are in this respect unique in the 
class Mammalia, Fig. 240 
shows a’ section of one of these 
teeth magnified. This singular 
form of tooth is produced by 

rppi'r jaw and teeth, . /• i 

the deeper extension ol the 
marginal notches on the crown, analogous to those on the edge of 
the i]|.ew-formed human incisor, and of those of certain Shrews, 

the notches being more nu- 
merous as well as deeper. 

Each of these broad pec- 
tinated teeth is implanted 
by a single conical fiing, and 
is excavated by a pulp- 
cavity, which divides into as 
many canals as there are 
divisions of the crown, one being continued up the centre of each 
to within a short distance of its apical extremity. The medullary 
canal or branch of the ]ndp-cavity is shown in some of the divi- 
sions of the crown, at p. Each division lias its proper investment 
of enamel, /?, which substance is continued for a sliort distance 
upon the common base. 

The deciduous teeth appear not to cut the gum before birth, as 
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they do in the true Bats. In a foetus of Gakopithecus Tern’- 
rninckuy with a head one inch and a half in length, T found the 
calcification of the first incisor just commenced in the closed 
alveolus, the second incisor 240 

and the rest of the decidu- 
ous scries being represented 
by the vascular uncalcified 
matrices. The upper milk 
teeth consist of two incisors, ;* 
a canine, and two molars, 
which latter are dis]>laced 
and succeeded by the two 
premolars. The deciduous 
teeth are six in number in 
the lower jaw, the incisors 
being pectinated, Init much 
smaller than their succes- 
sors. The true molars are 
developed and in place be- 
fore the deciduous teeth 
are shed. 

E. Quadrnniana, — In 
entering upon the dentition 
of the Quadrumanous order , 

WC pass from that of illC ’tloiioflywer)nr,is<t)r, rnnsrnini:>i!. v. 

Insfctivora by the Colugo, and seem to quit the Rodentia by 
the Aye-aye ( Cluro 7 nt/s), In this genus of the Lemurine animals, 
as in Phascolomys amongst the JMarsupials, Desmodus amongst the 
BatwS, and Soyra: amongst the Insectivoros, the dentition is modi- 
fied in analogical conformity with the Rodent type, to w:hich, in 
the present instant, it makes a very close approximation, the 
canines being absent, and a wide vacancy vseparating the single 
|)air of large curved scalpriform incisors in each jaw from the 
short series of molars. 

The upper incisors (vol. ii. p. 51 -^, fig. 22) are curved 
ui the segment of a circle, and deeply implanted. The short 
exserted crowns touch one anotlicr, their simple widely exca- 
vated fangs diverging as they iionetratc the substance of the jaw. 
These crowns also project obliquely forward, and do not extend 
vertically downward, as in the true Hodevtia. The lower inci- 
sors arc more depressed, and of greater breadth from before back- 
ward, than the upper ones. They are more curved than in tlio 
Rodentia^ describing a semicircle, thrcc-l’ourtlis of which are 
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lodged in the socket, wliich extends backward beyond the last 
molar tooth to the base of the ooronoid process. The most im- 
portant character hy wliich the incisors of this anomalous Lemur 
differ from those of the Bodentia is the entire investment of ena- 
mel, which is, however, thicker upon the front than upon the back 
part of the tooth, Tlie molar teeth are four on each side of the 
upper jaw, and three on each side of the lower jaw, implanted 
vertically and in jiarallel lines. The molars are of simple struc- 
ture, with a continuous outer coat of enamel, and a flat subelliptic 
grinding surface. The upper ones are of unequal size, the first 
being the smallest, and the second the largest. In the lower jaw 
the inequality is less, and the last molar is the least. The first and 
last molars above have but one root ; the second and third have 
each tliree roots. The first lower molar has two roots ; the second 
and third have each a single root. The adult dental formula is — 


.1.1 0 1.1 
‘i.r 


- m 18. 

0 . 0 ’ 


The deciduous dentition is- 


. 2.2 l.l , 1.1 
t . . 12. 


i.r 




The second upper incisor and canine, and the lower milk-molar, all 
which arc very minute, are not rephiocfl ; the first true or perma- 
nent molar follows so speedily tlic deciduous one that, being ‘ in 
place’ therewith, it has been recdcoiR^d with the rnilk-dentitlonJ 
The lower jaw is modified tf) give strength to the muscles 

wielfUng the enormous and 
])()werfnl incisors by the low 
position of the condyle, analo- 
g(»us to that in Phujianlax and 
other carnivorous Mammals, 
contrasting with its high posi- 
tion in true Rodents and Kan- 
garoos, 

The Avahi, or woolley Le- 
mur ( TAchffnotas lanigcr, fig. 
2o0), has the incisors of the 
lower jaw large and limited to a 
single jiair, but far from show- 
ing the proportions of those in Chiromi/s: the upper incisors arc 
in two pairs, as in the rn ilk-dentition in Chiramgs^ and are small. 

The dental formula in the Slow Lemurs (Stciwps^ Tarsias) is- 



TJciiti! iiiii of Wimiloy I.fmiir. 


. 2.2 
2.2 


1.1 


3.3 




1-1 


The first uj) 2 >er incisor is larger than the .second. 


CXXII' 
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Otolicnus and Lemur have the same number and kinds of 
teeth. In the upper jaw the incisors are small and vertical ; the 
two on the right side are separated by a wide space from the 
two on the left. The lower canines are compressed and procum- 
bent like the incisors, but are a little larger. The upper canine 
is long, curved, comjiressed, sharp-edged, and pointed. The 
three upper preraolars have the outer part of the crown pro- 
longed into a compressed pointed lobe, whilst the inner part 
forms a tubercle, which is largest in the third. In the true 
molars the inner division of the crown is so increased as to give 
it a quadrate form, the outer division being divided into two 
pointed lobes. TIio premolars below arc long, and the molars 
4-cuspid in OtoUrnm, 

All the American (^uadrumana are distinguished from the Apes 
and Monkeys of the Old World by the superior iiumhcr of the 
premohirs, and, by this resemblance to the Lemurs, they show 
their inferior position in the zoological scale. The small ^ Mar- 
mosets,’ however, forming the genera Ilapale and Midas, have hut 
two true juolar teeth on each side of both jaws, their dental 
formula being — 


.2.2 l.l 3.3 
*2.2’ "" 


2.2 

^ 2.2 


32. 


The Icnmriiic character of the long, narrow, inferior incisors coii- 
liiuies to be manifested by the tjakis {Pithccid 111.), which, like 
the larger species of Platyrhiiies called Howlers, Capuchins, and 
S[)ider-Mouk(*ys, have the normal inimber of true molar teeth in 
the Quadruinanous order, their dental formula being — 


2 . 2 ’ 


l.l 

1 . 1 ’ 


3.3 3,3 

•3:3’ '"3:3 


36. 


.2.2 1.1 3,3 


251 


The Capuchin Monkeys ( Cebus, vol. ii. fig. 349) have the four 
lower incisors broad, thick, and wedge-shaped — a form wdiicli 
these teeth retain, with slight inodi- 
ficatioiis, throughout the Quadrii- 
inanous order. The canines are 
sufficiently developed to inflict se- 
vere Avounds. The first three of the 
molar series, p, 2 , 3 , 4 , are bicuspi<l 
Vremolars; the rest, m, 1 , 2 , 3 , are 
quadriciispid true molars. The de- 
ciduous formula is — 



Fi 


g. 251 shows the deciduous scries. 


IJccliiuous Hiiil liinujiiicm iroth <if ;i younj 
Cebus Ai^dla. ci.XXii". 
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r/ i. ... rf 4, m place, together with the first of the permanent true 
molars, i ; the germs of the rest of the permanent teeth are 
exposed in the upper jaw. 

In the Catarhine division of the order, the first or deciduous 
dentition consists of — 


.2.2 1.1 2.2 


C'iil.'irliiuf dcMtiti'Xi (Papio). 


The two milk molars are displaced and succeeded vertically by 
the two bicuspid premolars, and are followed horizontally by 
three true molars on each side of both upper and lower jaws. 
The permanent formula in all the Old AVorld Qmdrumana is — 

,2.2» 1,1 2.2 3.3 

* 2 LI’ ^ 2.2* 3.3 " 

The incisors have always a shape conformable to their name, 
252 but are very thick and strong ; 

upper jaw the middle are 
larger than the lateral ones, 
larger than those 
below. The canines are coni- 
cal, pointed, w'ith trenchant pos- 
ferior margins, always longer 
than the adjoining t(*eth, and 
acquiring, in the males of the 
f great ISaboons and Orangs, the 
proportions of those teeth in the Carnivora. The Mandrills Papio 
maimon (fig. 252) have these dental weapons most fonnidable for 
their size and shape ; especially the upper pair, which descend 
behind the crowns of the lower canines, and along the outside of 
the first low^er preraolars, the crowns of w^hich seem as if bent 
back by the action of the upper canines ; the anterior longitudinal 
groove of these teeth is very deep, tlieir posterior margin very 
sharp. A long diastema divides the upper canine from the inci- 
sors, a short one separates it from the prcmolars ; these and the 
three true molars are arranged in a straight line. 

In the Orang-utan {Plthecus fPnrm/m)^ vol. ii. p. 5«34, fig. 
355, the thickness of the base of the crown of the upper middle 
incisors equals the lireadth of the same ; and they arc double the 
size of the lateral incisors. The abraded surface of the front 
incisors in the old Orang forms a broad tract extending obliquely 
from the cutting edge to the back part of the base of the crown ; 
the lateral inr*i»sors are more pointed, the outer angle being ob- 
liquely truncated ; a vagrant space of their own breadth divides 
them from the canines. These, in the male Orang, have a long 
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and strong slightly-curved crown, extending below the alveolar 
border of the under jaw when the mouth is shut, with a 
moderately sharp j)ostcrior margin, but without an anterior 
groove. In the female Orang4;he canines are smaller ; the crowns 
extend only a short distance beyond the level of the adjoining 
molars. In the upper jaw both premolars and molars are im- 
planted by three diverging roots, two external and one internal ; 
in the lower jaw the corresponding teeth have two strong di- 
verging roots ; the series of grinders forms a straight line on each 
side of both jaws. 

As the precise characteristics and ordinal distinction of the 
liunian dentition arc best demonstrated by comparison with that 
brute species which is most nearly allied "to man, the details of 
such a comparison will here be given and illustrated more fully, 
as manifested in the Gorilla ( Troglodytes Gorilla). Fig. 253 
gives a side view of the teeth of a male fiill-grown, but not aged, 
specimen of this s])ccies. In the upper jaAv the middle incisors 
are smaller, the lateral ones /, 2 , larger than those of the Oraiig ; 
they are thus more nearly (xpial to pach other ; nevertheless the 
pro])ortional superiority of the middle pair is much greater than 
ill Alan, and the proportional size of the four incisors both to 
the entire skull and to the other teeth is greater. Each incisor 
hns a prominent posterior basal ridge, and the outer angle of the 
lateral incisors ij 2 , is rounded oft" as In the Orang. The incisors 
incline forward from the vertical 4ine as much as in the Orang. 
Thus the characteristics of the human incisors are, in addition to 
their true incisive wedge-like form, their near equality of size, 
their vertical or nearly vertical [losition, tmd small relative size 
to the other teeth and to the entire skull: The diastema between 
the incisors and the canine on each side is as well marked in the 
male Gorilla as in t\\6 male Orang. The crown of the canine, 
fig. 253 , c, passing outside the interspace between the lower 
canine and premolar, p 3, extends in the male Troglodytes Gorilla 
a little below the alveolar border of the under jaw when the 
mouth is shut ; the upper canine of the male Troglodytes niger 
likewise projects a little below that border. In the male of the 
Chimpanzee {Troglodytes nigcr\ the iipjier canine is conical, 
pointed, but more compressed than in the Orang, and with a 
sharper posterior edge; convex anteriorly, becoming flatter at 
the posterior half of the outer surface, and concave on the cor- 
responding part of the inner surface, which is traversed by a 
shallow longitudinal impression ; a feeble longitudinal rising and 
a second linear impression divide this from the convex anterior 
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in the female. In tlie male Ctorilla the canine^ is more in- 
clined outward ; the anterior groove on the inner surface of the 
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crown is deeper, the posterior groove Is continued lower down 
upon the fang, and the ridge betwecT) the two grooves is more 
prominent than in tlie '.rroylodyles niycr. liotli premolars, 








l.k'n(i(.|ou uf iiiiprr j:iw, mi.iIi* nal. si/i*. rm'. 

^g. 255, p 3, and p 4, are bicuspid ; the outer cusp of the first, 
and tlie inner cusp of the second being the largest, and the first 
premolay^ p a, consequently appearing the largest on an external 
view. The difference is well marked in the female, fig. 254, p 3. 
The anterior external angle of the first premolar is not produced 
as in the Orang, which in this respect makes a marked approach 
to the \o\vWP ^f^adrumana. In Man, where the outer curve of 
the preinolar part of the dental series is greater than the inner 
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one, the outer cusps of both premolars are the largest ; the 
alternating superiority of size in the Gorilla accords with the 
straight liiie which the canine and premolars form with the true 
molars. In fig. 255, rn i, m 2 , m 3, arc quadricuspid, relatively 
larger in comparison with the bicuspids than in the Orang. In 
the first and second molars of both species of Troglodytes a low 
ridge connects the antero-internal with the postero-external cusp, 
crossing the crown obliquely, as in Man. There is a feeble 
indication of tlie same ridge in the unworn molars of the Orang ; 
but the four principal cusps arc much less distinct, and the whole 
grinding surface is flatter and more wrinkled. In Troglodytes 
niger the last molar is the smallest, owing to the inferior develop- 
ment of the two hinder cusps, and tlie oblique connecting ridge 
is feebly marked. In Troglodytes Gorilla this ridge is as 'well 
developed as in the other molars, but is more transverse in 
position ; and the crown of m 3 is equal in size to that of m l or 
7)1 2 , having the posterior outer cusp, and particularly the pos- 
terior inner cusp, more distinctly developed than in Troglodytes 
niger. The repetition of the strong sigmoid curves which the 
unworn prominences of the first and second true molars present 
in Man, is a very significant indication of the near affinity of the 
Kjorilla as compared with the approach made by the Orangs or 
any «)f the inferior Quadrumana^ in w hich the four cusps of the 
true molars rise distinct and independently of each otlier. A 
low ridge girts the base of the antero-internal cus}) of each of the 
upper true molars in flie male Chimpanzees ; it is less marked in 
the female. The premolars as w^U as molars are severally im- 
planted by one internal and two external fangs. In no variety of 
the human sj^ecies arc the premolars norm^Iy implanted by three 
faTigs ; at most the roof is bifid, and the outer and inner divisions 
of the root are commonly connate. It is only in the black varie- 
ties, and more particuffirly that race inhabiti^ Australia, that I 
have found the ‘ w isdom-tooth,’ fig, 257, 7n 3, wdth three fangs as a 
general rule; and the two outer ones are more or less confluent. 
The lower canine of the male (figs 253, 25(5, c), shows the same 
relative snjieriority of size as the upper one, compared with that 
in the female, in both species of Troglodytes. The canine almost 
touches the incisor, but is sejiarated by a diastema one line and a 
half broad from the first prcmolar. This tooth p 3, is larger ex- 
ternally than the second prcmolar, and is three times the size of 
the human first prcmolar, fig. 257, p^\ it has a subtriedral 
crown, with the anterior and outer angle produced forw'ard, 
slightly indicating the peculiar features of the same tooth in the 
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Baboons, but in a less degree than in the Orang. The sununit 
of the crown of p a terniinatcs in two sharp tricdral cusps — the 
outer one rising lugliest and the second cusp being feebly in- 
dicated on tlie ridge extending from the inner side of the first; 
the crown has also a thick ridge at the inner and posterior part of 
its base. The second prcinolar, p 4, has a subquadrate crown, 
with the two eu.s|>s developed from its anterior half, and a third 
smaller one from ti^ inner angle of the posterior ridge. Each 
lower premohir is implanted by two antcro-posteriorly compressed 
divergent fangs, one in front of the other, the anterior fang 
being the largest. 

The three true molars are nearly equal in size in the 7Vw/^- 
(iorUla^ the last being a little larger than the first : in the 
Trof/loth/trs nh/er^ fig. 2.30, the first, jn i, is a little larger than 
the last, m .‘i, which is the only molar in the smaller Chimpanzee 
as large as the c(>rrcs[K)nding tooth in the black varieties of the 
human siiliject, in most of which, especially the Australians, fig. 
2.37, the true molars attain larger dimensions than in the yellow 
or wliite races. Hie four principal cusps, especially the tAvo inner 
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ones of the first molar of lidlh species of Tvotjknhjtci^^ are more 
pointed and prolonged than in Man ; a fifth small cusp is deve- 
loped behind the outt'r pair, a.s in the Orangs and the (Jibbons, 
but is less tlian that in JNIan. The same additional cusp is pre- 
sent in the second molar, which is seldom seen in INIan. The 
crucial groove on the grinding surfac’c is much less distinct than 
Man, not being continued across tlic ridge coiinceting the 
anterior pair of cusps in the Chimpanzee. The crown of the 
third molar is longer antero-postcriorly from the greater develop- 
nieufc of the fiftii posterior ciisj>, w'hich, however, is rudimental in 
comparison with that in the Semnopitheques and Macaques. All 
VOL. Ill, Y 
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the three true molars arc supported by two distinct and well- 
dcveloj)cd antcro-postcriorly compressed divergent fangs ; in the 
white and yellow races of the human subject these fangs arc 
usually connate in m 3, and sometimes also in vi 2. The molar 
series in both species of Trotjlodt^tes forms a straight line, with a 
slight tendency, in the upper jaw, to bend in the opposite direc- 
tion to the Avell-marked curve which the same series dc^scrihes in 
the human subject. 41^ 

This difference of arrangement, with the more complex implan- 
tation of the premolars, the proportioiially larger size of the incisors 
as compared with tlie molars ; the still greater relative inagnitudi* 
of the canines; and, above all, the sexual distinction in that respect 
illustrated by figs. 253 and 254, stamp the Gorillas and Chim- 
panzees, fig. 256‘, most decisively with not merely s])ecific hut 
generic distinctive characters as compared with Man. For the 
teeth are fashioned in their shape and proportions in the dark 
recesses of their closed formativo alveoli, and do not come into tin? 
sphere of operation of external modifying causes until the full size 
of the crowns has been acquired. The formidable natural weapons 
of the males of both species of Troglodytes^ form the c()rn[)ensation 
for the want of tliat psy<'lucal cjipacity to forge or fashion de- 
structive instruments which has been reserved, as liLs exclusive 
prerogative, for Man. lloth (diimpanzeos dud Oraugs differ from 
the human subject in the order of the development of the perina- 
neut series of teeth ; the second molar, m 2, comes into place before 
cither of the premolars has cut the gum, and the last molar, rn 3, 
is acquired before the canine. We may well suppose that the 
larger grinders arc earlier required by the frugivorous Chim- 
panzees ami Oraugs than l)y the higher organised omnivorous 
and longer nursed Himaual, with more mimerous and varied re- 
soureos, and |>rohahly one main condition of the earlier dcveloj)- 
ment of the canines and })reiiiolars in iMan may bo their smaller 
relative size. 

r. IJuitmia, Having reached, in the Gorilla, the highest stop 
in the scries of the brt^tc creation, our siiccec<ling survey of the 
dental system, cleared and expanded by retrospective comparison, 
becomes fraught with ]>eculiar interest, since every difference so 
detected cstal)lisbes the true and essential characteristics of that 
part of man’s frame. 

The human teeth arc the same in number and in kind as those 
of the catarhinc Quadrmnana. The biinanal dental formula i« 
therefore — 


. 2.2 ' 1.1 


2.2 

2 . 2 * 


32 ; 
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that J» to say, there arc on each side of the jaw, both above and be- 
low, two incisors, one canine, two prcmolars, and three true molars. 

They arc more equal in size tlian in the Quadnimaniu No tooth 
surpasses another in the depth of its crown ; and the entire scries, 
whicli describes in l>oth jaws a regular parabolic curve, is unlnter- 
ni[)ted by any vacant space (vol. ii.,fig. 182). The most marked 
distinction between the bimanal dentition and that of the highest 
(Jviadrumanals, is tlife absence of the interval between the upper 
lateral incisor and the canine, and the comparatively small 
si/c of the latter tooth; hnt its true character is indicated by the 
conical form of the cnnvn, which terminates in an obtuse point, is 
convex outward, and flat or sid>concavc within, at the base of 
which surface there is a feeble prominence. The conical form is 
host expressed in the Melanian races, especially the Australian, 
itr. i , (\ The canine is more deeply inqdantcd, and by a stronger 
fang than the incisors; but the contrast witJi the Chim])anzce is 
sufKclcntly manifost, as is shown in fig. 2d6, c. There is no sexual 





.^M])eriority of size either of the canine or any other vsiiiglc tooth 
in the human subject^ 


' In honest arjruinciit as to Man’s plarc in Nature, liis zoological characters arc to 
he compared with those of tlie Ijrute that comes nearest to him ; the diHercnccs so 
‘ staldished should be eontrahted with those bcUvecn such brute, the gorilla, e. g., and 
the next step in the scale, the chimpanzee, e.g.; and so on, stoj) by step, tbrotigh the 
fu'der which Zoology forms of the series of speeies so gradually ditfereniiated. No 
douht a gorilla differs more in its dentition from a lemur, ami still more from e mole or. 
a mouse, than it differs from Man. Take another cdtaract^- the hinder or lower limbs, 
contrast the Negro in this respect with the gorilla, and, next, that npc with any 
‘•tlicr quadrumanal. Much as the aye-aye ditfers as a whole, from the gorilla, it does 
K’seinhle it. more in such quadrumanal structure than the gorilla resembles Man. 
iktwcen the two extremes of the four-handed sm-ies there is greater organic con- 
formity in the main ordinal character than exists betaveon the liigbest ape and the 
invest man. Or take the ceruhral test. Man’s place in the. Natural System is to bo 
judged, not by the ilcgrec of difference between the brain of an ape and that of a 
mammal one hundred links removed ; hut by the degree of difference between the 
•unmn brain and that of the hrute which comes nearest to him, as contrasted with the 
* vgrcc of difference between the brains of the gorilla and chiinpauzoo, or between 
^u)8e of any other two conterminous species constituting links in the quailrumaiious 
'rhe difference between figs. 147 and 148-9 may bo greater than between 149 
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Both upper and lower pi’cmolars, fig. 257, p a and 4, arc bicuspid; 
they are smaller in proportion to the true molars than in the 
Chimpanzee and Orang. In the upper premolars a deep straight 
fissure at the middle of the crown divides th(i outer and larger 
from the inner and smaller cusp ; in the lower premolars tlie boun- 
dary groove describes a curve concave towards the outer cusp, 
and is sometimes obliterated in the middle by the extension of a 
ridge from the outer to the inner cusp, which cusp is smaller in 
proportion than in the upper promolars. These teetli in both 
jaws arc apjnirently implanted each by a single, long, subcom- 
pressed, conical lung ; but that of the upper premolars is shown 
by the bifurcated pulp-cavity to be essentially two fangs, connate, 
and wliich, in some instances, are separated at their extremities. 

The crowns of the true molars, fig. 257, m i, 2 , a, are larger in pro- 
portion to the jaws, are a little larger in ])roportion to the bicuspids, 
and still more so in proportion to the canine and incisor teeth, 
than in the Cdiimpanzecs and Orangs. The contour of the 
grinding surface is more rounded, and the angles of the crown 
are less marked in the higher tlian iit the lower QuadvumantL 
The first and second true molars of the upper jaw sa]>port four 
triedral cusps ; tlic internal and anterior one is the largest, and 
is ooiinoeted with the external and posterior cusp by a low ridge 
extending obliquely across the grinding surface, with a deop 
dcj)rc.ssion on each side of it ; the anterior groove extending to 
the middle of tlie outer surface, the jiostei’ior one to the inner snr- 
tace. The enamel is first worn away by mastication from tlui 
anterior and internal or largest tubercle: a line of enamel extending 
from the outside to the middle of the erown is the last to he 
removed before the grinding surface is reduced to a field of den- 
tine with a siinj)Ie ring of enamel. It is worthy of remark, that- 
by tiic lime when the {)eniianent teeth have eomc into place, the 
first true molar in both jaws is more worn, as eompared with tiic 
second and third molars, than it is in tlie Chimpalizec or Orang, 
owing to the sl<nv attainment of maturity characteristic of the 
human species, ajid the longer interval whi(*li elapses between the 
acquisition o( the first and the last true molars, than in tin? 
highest Quadramaud. In the last true molar, called from its lale 
appearance the ‘ (hms sapientise,’ or wisdom-tooth, the tAVo inner 
tubercles arc blended together, and a fissure extends in many 

and 150(vol. ii.); but trutii compels tlio rcitinrk that the lemur and ape scj)a- 
rnted by numerous j^radniional hjwcies ; whilst between the ape and man there is no 
known connecting or interrneiliatc link, logicians have long ago exposed and hraiulcd 
the sophism whicli has of late been propouiided to persuade men that they arc of tlie 
order of apes. 
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instances, especially in the Melanian varieties, from the middle of 
the grinding surface, at right angles to that dividing the two 
outer cusps, to the posterior border of tlic tooth. 

The first upper molar is always iinj)! anted by three diverging 
fangs, two external and one internal. The second molar is 
usually similarly implanted, but the two outer fangs arc less 
divergent, are sometimes parallel, and occasionally connate ; this 
variety appears to he more comnioii in the Caucasian than in the 
Melanian races ; and in the Australian skulls the wisdom tootli 
usually jircsents the same thrcc-fanged implantation as in the 
Chimpanzee and Orang. 

The crowns of the inferior true molars arc quinqiie-cusjiid, the 
fifth ensp being posterior and connected with the second ontcr 
cusp: it is occasionally obsolete in the second molar. The four 
normal cus]>s are defined by a crucial ini])ression, the posterior 
l»ram.*h of which liifurcates to include the fifth cusp; this liifurca- 
tiou l)cing most marked in the last molar where the fifth cusp is 
most developed. In the first molar a fold of enamel, extending 
from the inner surface to the middle of the crowui, is the last to 
tiisappear from the grinding snrfa(‘c in the course of abrasion, 
'fhe wisdom-tooth, fig, 257, m 3, is the smallest of the throe 
molars in both jaws, but the difference is less in the Melanian 
than in the Caucasian races. J^hicli of the three lower molars is 
inserted by t\vo sub-com})rossed fangs, grooved hlong the side, 
turned towards each other. Tliis double implantation appears to 
he constant in the ^lelanians, esj)eela]ly the Australian race, in 
which the true molars arc relatively larger than in other blacks. 
In Knropcans it is not unusual to find the two fangs in both the 
seeond and tliird moluTsS connate along a great part or the whole 
of their extent. 

Witli resjiect to the recijirocal apposition of the teeth of the 
upjier and under jaw, it is interesting to observe that the erown 
ol the lower canine is, as usual, in advance of that above, and fits 
into the shallow notch Ix'twecii that and the lateral incisor. The 
inferior incisors arc so small that tlieir anterior surface rests 
against the posterior surface of the upjier ones when the mouth 
ici closed ; the other teeth arc opposed crown to crown, the upper 
teeth extending a little more outwardly than the lower ones. 

fhc deciduous scries of teeth in the human subject, fig. 258, 
(-onsists of — 

.2.2 l.l 2.2 

rhe upper milk incisors of the Chimpanzee arc relatively larger 
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than in Man, especially tlio middle pair; but the dispropor- 
tionate size of these is still more manifest and characteristic of 

the Orang. The crown 
of the canine is longer 
and more pointed in the 
Chimpanzee than in Man; 
still more so, and further 
apart from the incisor in 
the Orang. The first 
milk-niolaV, fig. 258 , d ;j, 
in the human subject is 
more similar in sliapc and 
size to the second, d 4 , 
than it is in either tlie 
C’lum|)anzec or Gorilla : 
ill which it is relativoly 
siiKiller, showing in the 
hover jaw a subcoui- 
[>ressed triangular crown. 
i j-r ' The eruption of tlu; 
C. . . iM : ar. niilk-tecth USUally 
liegins in the infant of seven months old, and is comjileted about 
the end of the second year; tho>;(? ‘ the lower ja>v preceding the 



niri.iy ?!;’ -iiiiicd tioclirjii uf <U niiiu* Hiid i.:, fnnu tin? f:iiiK of a uioinr. v, 1*1. l-l. 

upiiei*. Idle average [icriodKS of the apjicarancc of both decidu- 
ous and permanent teeth are as follows: — 

.Decithutm iaeih. Permanent teeth. 

7th month, mifl-incisor, d i fij years, first molar, m 1, (fig. 2;j8). 

ib. to lOih month, lat.-incisor, d i 2. 7th year, mi<l-incisor, i 1. 

12th to I4tli month, first molar, d 3. 8th year, lat.-incisor, i 2. 

14th to 20th montlj, canine, d c. 9th year, first bicuspid, p 3. 

18th to 36th month, second molar, d 4 loth year, second bicuspid, p 4. 

Util to 12ih year, canine, c. 

rith to Ifitli year, second molar, rn 2. 

17 til to 2 1 St year, third molar, m 3. 

The siructuro of hiimair dentine is exemplified in fig* 259. 
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The dentinal tubes, d, d, send off rainuli into the intcr-tubular 
tissue, and terniinatc either by anastomotic loops, or in tlic 
irregular vacuities or cells at the j)eriphery of the dentine. The 
dentinal coinpartjnents, or indications of tlic original cells of the 
dentinal pulp, are sliown at /j; the modified peripheral layer of 
the dentine, remarkable for its suj>crior sensibility, at //. The 
layer of cement, A, which covers the dentine of the fang, is seldom 
>o thick as to sliow a bone-cell, in human tectli. The structure of 
the deutlnc relates, in regard to the curvilinear compartments, 
(fy A, to the steps in its formation; and, in regard to its tubular 
columns, to the strength of the tooth and its vitality; the latter 
important ])roperty depending on the ])ereolution of the plasma 
ihrough the delicate cellular sructurc of the filamentary pro- 
longations of the pull), so far as they may extend along the tiibuli, 
1'Iic sensibility of tlic dentine is due to concomitant productions 
of ncurinc ; l)ut the distinct tubules are not laricc cnouirh to 
admit capillary vessels with red particles of blood, and the tissue 
above described 
1 \ as con secjue ! d 1 y 
been termed ‘ mi- 
vascular dentine.’ 

0. Cftrnivorn . — 

The feline denti- 
iion is the best for 
llcsh-food. 1’1)C 
canines, tig. 2()0, 
r, are of great 
strength, deeply 
imjilanted in the 
ja w, ^vitli the fangs 
thicker and longer than the enamelled crown; this jiart is 
conical, slightly recurved, slmrp-jMiintcd, convex in front, Avitli 
one or two loimvituilinal o:roovos on the outer side, almost 
flat on the inner side, and with a sliarp edge behind. The 
lower canines pass in front of the upper ones when the mouth 
is closed. The incisors, six in number on both jaws, form a trans- 
verse row ; the outermost above, ib, /, is the longest, resembling 
a small canine ; the intermediate ones have broad and thick 
crowns indented by a transverse cleft. The first iij)per premolar, 
? 2 , is rudimental ; there is no answerable tootli in the lower jaw. 
fhe second, p 8, in ])oth jaws, has a strong conical crown su])- 
ported on two fiings. The third iip])cr tooth, p 4, has a cutting or 
fj^’cnchant crown divided into three lobes, the last being the largest, 
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and with a flat inner Bide, against which the cutting tooth, m i, in 
the lower jaAv works obliiiuely. Behind, and on the inner side of 
the upper tooth, p 4, there is a small tubercular tooth. The feline 
dental formula is — • 


. 3.3 1.1 3.3 

*3.3* l.r^2.2* 


A glance at the long sub-coinj)ressed, trenchant, and sharp- 
pointed canines, suffices to appreciate their peculiar adaiitation to 
seize, to hold, to jiierce, and lacerate a struggling j)rey. The 
co-adaptations of jaws and skull are given in vol. ii. p. 505. 
The use of the small ])inccr-sliaped incisor teeth is to gnaw the 
soft, gristly ends of the bones, and to tear and scrape ofl* the 
tendinous attachments of the muscles and periosteiira. The 
compressed trenchant blades of the sectorial teeth ])lay vcrticallv 
upon each other’s sides like the bhnlos of scissors, serving to cut 
and coarsely divide the flesh ; and the form of the joint of tlie 
lower jaw almost restricts its movement to the vertical direction, 
up and down. The wide and deeji zygomatic arclu's, fig. 260, 27 , 

and the higli crests 
of bone upon the 
skull, ib. 3, 7 , coil- 
cur in com[)letinglhe 
carnivorous physiog- 
nomy of tlii.s most 
formidable existing 
species of the feline 
tribe. 

The penultimate 
tootli in the upper 
jaw, fig. 260, p 4 , and 
the last tooth in tlie 
lower jaw, ib. m i, 
Avere denominated by 
F. Cuvier " dent car- 
nasslerc,’ wliich has 
fieen rendered Slciis 
scctorius,’ the ^ secto- 
rial,’ or scissor-tooth. 
It preserves its cha- 
racteristic form only 
in the strictly flesh- 
feeding genera, in nhich is seen the part called the ^ blade,’ and 
that called the ‘ hump’ or tvlbende. In Felis the lower sectorial 
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(fig. 261, m I ) consists exclusively of the blade, and plays upon 
the inside of that of the upper ^ sectorial.’ This tootli, fig. 261, 
j) 4, above, succeeds and displaces a deciduous tubercular molar, 
ib. d 4, in all Carnivores, and is therefore a ^ jirernolar ; ’ the lower 
sectorial, il>. m i, conics up behind the deciduous series, d 3, d, 4, 
and lias no iinruodiate predecessor ; it is, therefore, a true molar, 
and the first of that class. By these criteria the sectorial teeth may 
always be distinguished under every transitional variety of form 
Avliic.h th<*y jn-osent in the carnivorous scries, from Macliairodua^ 
fig. 296 , IV., in which the crown consists exclusively of the ‘ blade’ 
in both jaws, to Ursns, ib. ii., in which it is totally tubercular ; the 
(levelopinent of the tubercle bearing an inverse relation to the 
carnivorous i[)ropensities of the species. 

The dentition of the liyauia rescmliles the feline in the reduc- 
tion of the tubercular molars to a single minute tootli on each side 
of the upper jaw, and in the inferior molars lieing all conical or 
sectorial teeth ; Imt the molar teeth in both jaws are larger and 
stronger, ami the canines vSmaller in jiroportion, than in Felines, 
iVoni the formula of wliich the dentition of the liyjena differs 
mnnerically only in the retention of an additional pvemolar tooth, 
jt 1 above and j) 2 below, on cacdi side of both jaws ; it is- - 
.3,3 1,1 4,4 i.i 

’"l.l = 

The crowns of the incisors form almost a straiglit transverse line 
in both jaws, the exterior ones, above, being inucli larger than the 
four middle ones, and extending their h>iig and thick inserted 
base further back ; the crown of the n|)per and outer incisor is 
strong, conical, recurved, like that of a small canine. The four 
inlci-mediate small incisors have their crown divided by a trans- 
I'^^rse cleft into a strong anterior, conical lobe, and a posterior 
ridge, which is notched vertically ; giving the crown the figure of 
a trefoil. The lower incisors gradually increase in size from the 
first to the third ; this and the second have the crown indented 
oxtornally ; but they have not tlie posterior notched ridge like the 
famuli iipfier incisors ; the apex of their conical (U'own fits into flic 
interspace of the three lobes of the incisor above. The canines 
liave a smooth convex exterior surface ; the inner surface is almost 
flat and of less relative extent in the inferior canines. The first 
preniolar above is very small, with a low, thick, conical crown ; 
the second presents a sudden increase o{ size, and an addition of 
a posterior and internal basal ridge to the strong cone. The third 
inemolar exhibits the same form on a still larger scale, and is 
I’omarkable for its great strength. The posterior part of the cone 
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of each of these premolars is traversed by a longitudinal ridge. 
The fourth preiiiolar above is the earnassial tooth, and has 
its long blade divided by two notches into three lobes, the 
first a small thick cone, the second a long and compressed cone, 
the third a liorizontal, sinuous, trenchant plate; a strong tri- 
cdral tubercle, is developed from the inner side of the base of 
tlie anterior ])art of the crown. The single true molar of the 
upper jaw is a tubercular tooth of small size. The first preinolar 
of the lower jaw fits into the interspace between the first and 
second prcmolars above, and answers, therefore, to the second 
lower preinolar in the ViverrUhe. The second is the largest of tlic 
lower premolars ; itvS crown forms chiefiy a strong rounded cone, 
girt by a basal ridge, and might servo as the model of a hamnnn* 
for breaking stones. Tlic last lower tooth is the sectorial,' as in 
Felia, The deciduous teeth consist of — 


The perinanoiit dentition of the Jhjmm assumes those charac- 
teristics which adai)t it for the pccidiar food and habits of the 
adult : of these IIjc chi(*f is the great size and strength of tlie 
molars as compared with the canines, and more especially the thick 
and str<mg conical crowns of the sccotid and third [>rcmolars in 
l>()th jaws, tlio base of the cone l)eing belted by a strong riJge 
which defends the .subjacent gum. This form of tootli is especially 
adapted for gnawing and breaking bones, and the whole cranium 
has its sliape inodilied by the enormous development ol* tlie muscles 
which work tlie jaws an<l teeth in this operation. Adapted to 
obtain its food from tlie coarser parts of animals which are left by 
the nobler beasts of ]>roy, the liyiena e'liiefly seeks the dead carcass, 
and bears the same relation to the lion Avliich the > ulturc does to 
the eagle. 

The family Viverridee^ which compreliends the Civets, Genets, 
Ichneum<m.s, iMusangs, Surikates, and Mangucs, is characterised , 
with few exceptions, by the following formula : — 


.3.3 l.l 4.4 


2.2 


It differs from that of tlie genus Canh by the absence of a tufior- 
cular tooth, m 3, on each side of the lower jaw ; but, in thus 
making a i.carer ste[) to the feline dentition, tlic Vwerridee^ on tlie 
other hand, recode from it by the less trenchant and more tuber- 
cular character of the sectorial teeth. 

The canines arc more fgeble, and their crowns arc almost 



TEETH OF DIPHYODONTS. 


331 


smootli ; the premolars, however, assume a formidable size and 
shape in some aquatic s]:)ecies, as those of tlie sub-gciius Cymyah^ 
ill which their crowns are large, compressed, triangular, sharp- 
pointed, with trenchant and serrated edges, like the teeth of 
certain sharks (whence the name Squalodon^ proposed for one of 
the species), and well adapted to the exigencies of quadrupeds 
siib>sLstiiig principally on fish ; the opposite or obtuse, thick form 
of the premolars is manifested by some of the Musangs, e.g. 
Paradoxunis anratus. The deciduous dentition consists, in the 
Viverrine family, of — 

.3.3 1.1 3.3 

The interlocking of the crowns of the teeth of the upper and 
lower jaws, w hich is their general relalive jiosition in the Carni- 
\ ora, is well-marked in regiird to the |)remolars of the Vwerridca ; 
as the lower (amine is in front of the upper, so the first lowxr pre- 
molar rises into the sjiace betw een the upjier canine and first iipjier 
preinolar; the fourth lower prcmolar in like manntn' fills the 
space bctw'oen ihc third upper premolar and the sectorial tooth, 
playing upon the anterior lobe of the blade of that tooth which 
indicates by its position, as by its mode of succession, that it is 
the fourtli jiremolar of the upper jaw. The first true molar below, 
modified as usual in the Caniicora to form the lower sectorial, 
.^ends the three tubercles of its anterior part to fill the space 
i)i‘tween the sectorial and the first true molar above. In the 
Mnsangs, the lower sectorial is in more direct opposition to its 
true homoty])C the first tubercular molar in the iqiper jaw' ; and 
tlicsi^ Indian VicerrifUe (Pan/ffox/fri) are the least (rarnivorous of 
ilieir family, their chief food consisting of the fruit of jialiii-trces, 
wliomie they have been calknl ^ Palm-cats.’ 

The normal dental formula of the genus Canis is — 


.3.3 1,1 4.4 

*3:3^ 


2.2 
4.4 ’ 3.3 


42 (fig. 293, III.) 


The incisors increase in size from tlie first to the third; the 
Irfiiicliant inargiu uf the crown is divided by two notches into a 
large middle and two small lateral lobes. The canines, c, are 
curved, sub-eonqiressed ; the enamelled pointed crowui forms nearly 
half the length of the tooth, and is smooth, without any groove. 
The prcmolars, fig. 293,/; i-4, have strong sub-compressed conical 
cmwiis gradually enlarging from the first the third, p 3 , in the 
nj)per jaw, and to the fourth,/; 4 , in the lower jaw^, and acquiring 
nnc or two accessory posterior tubercles as they iiKU’case in size, 
fhe fourth upper premolar, p 4, presents a sudden increase of 



332 ANATOMY OF VERTEBRATES. 

size, with its sectorial form; its blade is divided into two cones by 
a wide notch, the anterior cone being the strongest and most 
produced ; the tubercle is dcveloj)ed from tl)e inner side of the 
base of this lobe. The first and second upper molars, m i and 2, 
arc tiibcrculate ; but the second is very small, less than half the 
size of the first molar. The first true molar below, m i, is modi- 
fied to form the o])posing blade to the sectorial tooth above; re- 
taining the tubei’culate character at its posterior half. The blade 
is divided by a vertical linear fissure into two cones, behind which 
the base of the crown extends into a broad tritubcrculatc talon. 
The sccoikI molar, rn 2, has two anterior cusps on the same trans- 
verse lino, and a ])osterior broad flat talon ; tlie last lower molar, 
in 3, is the smallest of all the teeth. 

The absence of a tiibcrculate molar in the lower jaw of tlic 
immature Dog, brings the cbaracter of the deciduous dentition 
of the genus Cama^ fig. 202, closer to the permauent dentition of 
stricter carnivj.ircs, and affords an interesting illustration of the 



Ik'Clduoiia ami i<(TMiaii* itt tepth In tlio Iiog 

law that unity of organi.sution is manifested directly as the 
proximity of the animal to the commcriceinent of its development. 
The succession of two tubercular molar teeth behind the perma- 
nent sectorial tooth in tlic permanent dentition of the low^er jaw 
coptributes to adapt tlie Dtig for a greater variety of climates, ot 
food, and of other circumstances, all of which tend, in an important 
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degree, to fit that animal for the performance of its valuable 
services to inan. In no other genus of quadruped are the jaws 
so well or so variously armed with dental organs; notwith- 
standing the extent of the scries, the vacaneic^s are only sufiicient 
to allow the interlocking of the Strong canines. These arc efli- 
cleiit and fonnidablc weapons for seizing, slaying, and lacerating 
a living prey ; the incisors are well adapted, by their shape and 
advanced position, for biting and gnawing ; the premolars, and 
ospoeially the sectorial s, are made for cutting and coarsely 
dividing the fibres of animal tissues, and the tuberculate molars 
are as admirably adapted for cracking, crushing, and completing 
the comininution of the food, whether of animal or ve<rctablc 
nature. 

The dentition of the Weasel tribe {Mnstclidai) is illustrated in 
fig. 2911 IV., Mustela : the dental formula is — 


.3.3 1.1 4.4 l.l 


The first ]»remolar, ;> i, in tlie upper jaw, Avhich is alisent in 
the Polecat and AVeasel, is retained in tin? Otter, and is |)laecd 
on the inner side of the canine; the sectorial iircmolar, p 4, has 
its inner lobe much more developed in Lulrti tban in Putorius, 
and the tubercular molar, m i, is relatively huger. Similar 
modifications of tliesc teetli distinguish the dentition of the lower 
jaw of the Otter, which agrees in the number and kind of teeth 
with tliat of the Polecat, 'fhe increased grinding surface relates 
to the inferior and (toarser nature of the animal diet of the Otter, 
the back teeth licing thus adapted for crushing tlie bones of fishes 
before they arc SAvallowcd. 

In tlic Martin cats (Mnstrla), the little homotype of;> l above 
is present in the lower jaw^; in the bloodthirsty Stoats and Wea- 
sels, p [ is absent in both jaws ; as it is likewise in the great Sea- 
otter {Enhydra)^ in which also tlic two middle incisors arc 
wanting in tlie lower jaw. In this animal tlie second jiremolar, 
p 3, has a strong obtuse conical crown, double the size of that of 
p 2 ; the third preinolar, p 4, is more than twice the size of p 3, 
and represents the upper carnassial or sectorial strangely modified ; 
the two lobes of the blade being hemispheric tubercles. The last 
tooth, m 1 , lias a larger crown than the sectorial, and is of a 
similar broad crushing form. 

In the family MeUdai is comprised the European (^Mcles\ the 
Indian (^Arctonyx), and the American (^Taxidm) Badgers, which, 
with respect to their dentition, stand at tlie opposite extreme of 
the Miistelid(R to that occupied by the predaceous Weasel, and 
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manifest the most tubcrculate and omnivorous character of the 
teeth. The formula is — 


.3.3 1.1 3..3 1.1 

*3:3* 4 . 4 ^ ”‘2:2==^®* 


Tlic canines arc strongly developed, well pointed, with a poste- 
rior trenchant edge ; they are more compressed in Arctont/x than 
in Mvles, Tlie first lower jircmolar is very small, single-fangcd, 
and, generally, soon lost. The first above, corresponding Avitli 
the second in the Dog, is also small, and implantcil l)y two con- 
nate fangs. The second iijiper prcmolar, p 3, has a larger, but 
simple, sub- compressed conical crown, and is implanted by two 
fangs. The third repeats the form of the sec(.md on a larger scale, 
with a better developed posterior talon, and with tlie addition of 
a trituberculate low flat lobe, which i.s su[4)ortetl by a tliird fang ; 
the outer pointed and move ])roduced jiart of this tooth represents 
the blade of the sectorial tooth and the entire crown of the 
antecedent premolars. The true m(»lar in Melcs is of enormous 
size compared with tliat of any of tlie preceding Carnivora ; it 
has three external tubercles, and an extimsivc horizontal surface 
traversed longitudinally by a low ridge, and bounded by an 
internal belt, or ‘ cingulum.’ 

In other allied genera, Avhich, like tlie liadgcrs, have been 
grouped, on account of the plantigrade structure of their feet, 
with the bears, a progressive apiiroximation is made to the type 
of the dentition of the Ursine species. The first true molar 
below soon loses all its sectorial modificatir)n, and acajnires its 
true tubercular character ; and the lust premolar above becomes 
more directly and completely opposed to its liomotype in the 
lower jaw. Tlie liacoon (/Vocyo//), and tlie (.\)ati (i\Y/.s7/«)» 
|>resent good examples of tliesc tran.sitional modifications; they 
Imve the complete number of prcmolar teeth, the dental formula 
being — ■ 


,3.3 1.1 4.4 

I C , . 


3.3’ 


i.r' 4.4’ 


2.2 


That of the llciiturong (Arctictis^ and Kinkajou ( (krvoleptes) is — 


. 3.3 


1.1 3.3 


3.3’ " i.i’^'3.3* "‘2:2 


2.2 

jfl , . r:. 3(,,, 


The low^er canine of Nasna has a deep longitudinal gi’oovc on the 
inner side of the crown. In Aihnns both njijicr and lower canines 
jiresent tivo longitudinal grooves. In Cerrolcptes a longitudinal 
ridge divides the two grooves on the canines. A fossil canine 
tooth from the eocene sand at Kyson presents a still greater 
number of grooves and ridges, whence the name Pricynodoiu 
-The essential characteristic of the dentition of the Bears, fig- 
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340, voK ii. (Ursus) is the development, in the lower jaw, of the 
true molar teetli to their typical number in tlie placental Mam- 
maliu, and their general manifestation, in botli jaws, of a tuber- 
cuhito grinding surface ; tlie preniolar teeth are much reduced 
both in size and nuinber. In the friigivorous Bears of India an<l 
the Indian Archipelago, the four prcrnolars (/) 1*4) are coininonly 
retained longer than in the fiercer species of the northern lati- 
tudes. In these the second lower preinolar is soon lost. The 
tirst true molar, m 1, has a longer and narrower croAvn than the 
one above. The second true molar, m 2, has a narrow, oblong, 
v:nbquadrate, tubercular crown, Avhich, like that of the first true 
molar, is supportcrl by two fangs. 'The crown of the third lower 
molar, 7//. a, is contracted posteriorly, and sup]M»rted by two con- 
nate fangs ; it is relatively smallest in the Sun-bears, and largest 
in the great Ursus .sj)dccus. The dental formula of the genus 
Ursus is — 

.3.3 1.1 4.4 22 

* 3.3’ l A ’ 474’ "* 3.3 

It is essentially the same both in nnmher and kind of teeth as in 
tli(^ genus Canis^ but the individual or s[)e(!ilic varieties, which iu 
tlul Dog affect the 
true molar teeth, 
are confined. in the 
Boars to the pronio- 
lars. It would se<nu 
in the genus l/rsus 
as if the preponde- 
rating size of the 
large tuborfuhir 
true undars Inul 
touded to blight 
the development of 
the preniolars. 

lu fig. 263 the 
deciduous teeth and 
their successors arc 
given as displayed aividnoiwdcntni.iM, 

V rtio renioyai of tlio outer wall of tlioir sockets. The milk- 
molars, four in tiumbcr on each side of both jaws, jwogres- 
l^ive.y increase from the first to the fourth. The cluaractcr- 
i^tic lelative position to them of the promolars is shown at p 2, 
cini 4. Jichind these is shown the large formative cell of the 
•I'st, m I, of the true molar scries. 
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A tendency to deviate from the ferine number of the incisors 
is seen in tlie most aquatic and piscivorous of the Musteline 
quadrupeds, viz., the Sea-otter (^Enfijjdra\ in which species the 
two middle incisors of the lower jaw are not developed in the 
permanent dentition. In the family of true Seals the incisive 
formula is further reduced, in some species even to zero in the 
lower jaw, and it never exceeds All the Phovulce possess 

])owerful canines ; only in the aberrant WalriLS, fig. 265, arc 
they absent in the lower jaw, but this is compensated by the 
singular excess of development which they manifest in the upper 

jaw. The molar series, tig. 
264, w/, usually includes live, 
rarely six, teeth on ejich side 
of the upjier jaw, and five* 
on each side of the lower 
jaw; with crowns which varv 
little in size or form in the 
same individual. They are 
supported in some genera, as 
the Eared Seals ( Otaruc) 
and Elephant .Seals {Cj/atophorn), hy a single fang; in other 
genera by two fangs, which are usually connate in the first 
or second teeth; the fang or fangs of botli incisors, canines, 
and molars, are always remarkable for their tliickness, which 
commonly surpasses the longest diameter of* the crowi]. The 
crowns are most commonly compressed, c()ni(*al, more or less 
j)ointed, with the ^ cingulum ’ and the anterior and posterior 
basal tubercles more or less develoiied ; in a few of the hugest 
species they arc siiujile and obtuse, and ]>arti(*ularly so in 
the Walrus, in Avhich the molar lectli are reduced to a smaller 
number than in the true Seals, lu these the line of demarcation 
between the true and false nudars is very indefinitely indir‘atc<l 
by eliaracters of form or position ; but, according to tlic instances 
in wlu<di a deciduous dentition has 1)een observed, the first three 
permanent molars in both jaws succeed and displace the same 
number of milk-molars, and are consequently, ‘prcmolars;’ occa- 
sionally, in the seals with two-rooted molars, the more simple 
character of the preinolar teeth is manifested by tlioir fangs being 
connate, and in the Slaioihijuchns sevridrns tlie more conqdex 
character of tlu; true molars is manifested in the crown. There 
is no special modification of the crown of any tooth by which it 
can merit the ntime of a ‘ sectorial ’ or ^ carnasslal ; ’ but we may 
point with certainty to the third molar above and the fourth 
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below, as answering to those teetli which manifest the sectorial 
character in the terrestrial Carnivora. The coada])tation of the 
crowns of the upper and lower teetli is completely alternate, the 
lower tooth always passing into the. interspace anterior to its 
fellow in the iipjier jaw. 

In the genus Phoca (^Calocephalus^ VjXiy.) typified liy 

the common seal (/%. vitulhut), the dental formula is — 


.3.3 1.1 4.4 l.l 


34. 


The Storrincks Avith double-rooted molars {Pdayim^ Steno- 
rhj/nchuit) have four incisors above as well as below, i. e. 

In the Saw-tooth Sterrinck {Stmwriupirhus acrrldnis)^ the 
three alitorior molars on eaidi side of botli jaws are four-lobed, 
there being one anterior and two posterior accessory lobes ; the 
remaining posterior molars (true molars) are five-lobcd, the 
jaincii^al cusp having one small lobe in front, and three de- 
veIo[)e(l fi-oin its posterior margin ; the summits of the lobes arc 
obtuse, and the posterior ones arc recurved like the principal 
h^be. 

The allied sub-genus {Omtnaiophoca) of Seals of the southern 
hemisphere has six molar teeth on each side of‘ the upper, and 
five on each side of tlio Icnvcr jaAv, Avith the pvincijial lol)C of the 
crown more incurved. 

In the gciiLis Otarla the dental formula is — 


. 3.3 
* 2 2’ 


l.l 

1 . 1 *’ 


4.4 

'4.4’ 


2.2 

m =S6. 


The two middle inci.sors are small, sub-compressed, Avith the 
crown transversely notehed; the simple croAvns of the four 
incisors beloAV lit into these notches; the outer incisors above are 
much larger, Avith a long-pointed conical crown, like a small 
canine. The true canine is tAvicc as large as tlic adjoining in- 
cisor, and is rather less recurved. The molars have each a single 
fang. In Stenimatopus the last upper molar has tAvo divergent 
fangs, at least in the young state. 

In the great jiroboscidiaii and hooded Seals { Cysttyphora)^ the 
incisors and canines still more predominate in size over the 
molars; but the incisors ai*c reduced in number, the formula hero 
is — 


.2.2 

‘i.C 


].i 4.4 

1.1’^ 4.4 ■’ 


” !:1 - 


The molars are single-rooted, and the incisors laniariform. The 

I • O'' 

two middle incisors above and the two beloAV are nearly equal ; 


von. in. 


* cxxiii". p. 38. 
/ 
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the outer incisors above arc larger. The canines are still more 
formidable, esi)ecially in the males ; tlie curved root is thick and 
subqnadrate. Tlie crowns of the molar teeth are sJiort, sub-coin-^ 
pressed, obtuse ; sometimes terminated by a knob and defined 
by a constriction or neck from the fang ; the last is the smallest. 

In the Walrus i^Trirhechus rosmarus^ fig. 265) the normal 
incisive formula is transitorily represented in the very young 


2fi5 



animal, which has three teeth 
in each premaxillary and two 
on each side of the fore-part 
of the lower jaw; they soon 
*disa]>i)ear, except the outer 
pair al)ovc, which remain close 
to the maxillary suture, on 
the inner side of the sockets 
of the enormous canines, ajid 
seem :o commence the scries of small and simple 
molars which they resemble in size and form. In 
the adult there arc usually three such molars on each 
side, behind the permanent incisor, and four similar 
teetli on each side of the lower jaw ; the anterior 
one passing into the interspace between the up|)er 
incisor and the first molar. The crowns of these 
teeth must he almost on a level with the gum in 
Skull anil Teeth cf the recent head ; they are very obtuse, and w'oni 

Mil. wairiu.. oldiquely from above down to the inner border ol' 
thcirba.se. The molars of the lower jaw' arc rather narroAViu* from 
side to side than those above, and are convex or wairn upon their 
outer side. Each molar has a short, thick, simple and solid root. 

The u])per canines are ol* enormous size, descending and pro- 
jecting from the mouth, like tusks, fig. 265, c, slightly inclined 
outward and bent backward ; they present an oval transverse 
section, Avith a shallow longitudinal groove ahmg the inner side, 
and one or two narrower longitudinal impressions upon the outer 
side; the base of the canine is Avidely open, its groAvth being 
uninterrupted. Their homotype below retains the size and shajio 
of the succeeding molars. 

The food of tlie Walrus consists of sea-Aveed and bivalves ; ih^' 
molars are Avell adapted to break and crush shells ; and frag- 
ments of a species of Mya have been found, Avith poumhid sca- 
AATcd, in the stomach. Tlie canine tusk.s serve as weapoUJ^ of 
offence and defence, and to aid the animal in mounting aod 
clambering over blocks of ice. 
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A large extinct carnivorous animal (Machairodus^ fig. 293, vt.), 
had the upper canine teeth, c, developed to almost the same dis- 
jiroportionate length as in the Walrus, whereby they were also 
coinpelled to pass outside the lower jaw when the mouth was shut. 
Ihit these teeth were shaped after the type of the feline canines, 
only with more compressed and ti’enchaut (Towns ; and they were 
associated with other teeth in number and hind demonstrating 
the feline affinity of the genus Machairodus^ Its remains occur 
in newer tertiary deposits and in (aivcs.^ 

In older tertiary formations, remains of carnivorous Mammals 
h;iv<^ been found with the three true molar ti^cth as expressly 
modified for the division of flesh, and as Avortliy the t^mi (d* 
‘ soctorials ’ as the teeth so called in the lion. 'fhese teeth 
were associate<I with conical premolars, Jong canines, and short 
incisors, so as to exemplify the typical formula, c.g. — 


.3.3 1.1 


4.4 


3.3’ "‘3.3 


m =s 44. 


The extinct Th/rmndon and Plerodon of the upper eocene forma- 
tions of Hampshire and of France, manifest tliis interesting and 
instructive cliaracter of demtition. 

\ ix'duced view of the lower jaw of the Ilt/cr/iiodon Itcqnhnd is 
U'ivcm ill fig. 260. After the canitms, c, come four successively 
enlarging conical com- 
])iTSS(xl prcmolars, /; 

1-4; tlum, instc'ad of 
!i single carnassial ro- 
jneseuting the first 
true molar, there are 
tlirec of these singu- 
liirly inodifuHl teeth — 
tlic first, nt i, being of 
suddenly small size, 
as compared with the antecedent premolar, and obviously illustra- 
dng its true nature as a coiitiuuatiou of the deciduous series, with 
'vhich, doubtless, it agreed in size. It beemme a permanent tooth 
only because there was no prcmolar developed beneath it, so as to 
displace it. The succeeding carnassial true molars, m 2 and 3, 
progressively increase in size. The symbols in fig. 266 denote the 
homologies of *1110 teeth. The marks of abrasion on the lower 
feeth in the Ilycmodon prove the upper series to have been the 
same in number. 

A second form of eitually ancient Carniv(jre Avas a mixed- 



Ht'iilitiiin. lowrr jaw, nf lltjanodon. 


’ Kent’s Hole, Devonshire,?, g.; cxvi". p. 174, 
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feeding animal,, allied to the viverrinc and canine familieis, the 
true molars presenting the tuberculatc modification, and tlie 
typical number and kinds of teeth being functionally developed, 
as in the Ih/fenodon, The series in the upper jaw are shown in 
fig. 267; The term Mnbereular’ is as applicable to the three 
true molars of tlie Amphicyony m i, 2 , 3, as the term ‘ carnassial ’ 
is to those of the JlycpnodoN. 


267 



DciUltltW), iipKi* A mphici/mi. 


§ 221, Trrth of Urtf/olata, — The most coninifm charactonstic of 
this dentition is the large size, cuboid sha[)C, and com[)Icx structure 
of the crowns of the grinding teeth. The enanud not only incloses 
))ut dips or penetrates into the substance of the dentinal body, 
and the cement, which is tliick, accompanies the enamel. Thus 
the massive grinding organ is made up of sul)stances of ditfereut 
densities, and the Avorking sinface is irregular by the [U'ojections 
of the hanler inatcirial, as in the mineral ‘ grit ’ that is thereby 
suitable as a millstone. 

A. Ifomohfjies of the parts of the yrindiny surface, — The pattern 
of the grinding surface, especially of the upper molars, varies in 
each genus of Ungulata, and is emlncjitly characteristic thereof. 
Nevertheless, two leading types may be recognised. One, of iin- 
syminetrical character, Avas early shoAvn in Ihtheotheriam^ and is 
tracoa!)le In secondary modifications characteristic of Palophthc- 
riuvi^ JTrppanon^ Eqnus^ Hyrax^ and Rhinoceros, 'A second Avas 
as early manifested in Anoplotheriurn Jind Dichodon ; it is more 
symmetrical in j>Mttern, and is traceable, Avith modifications, in 
J)icotyles^ Nus^ IUppopotamus^ and Ruminants, Indications of a 
more generalised type of inolar have been obtained from tertiary 
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deposits antecedent in time to those characterised by Palmo- 
or Anojdo-therium i they are afforded by Pliolophiis^^ and 
Caryphodon,^ The answerable parts of the grinding surface 
will first be illustrated in the nnsymmetrical series. In 
PalfPotherhifUj c. g. fig. 268, the tract of dentine, h, extending 
along the outer kSuIc of the crown, has two indents,^/’, //whereby 
It is divided into two lobes, an anterior or ^ aut-cxtornal lol>e,’ 4/, 
and a posterior or ^ post-external lol)c,’ />. The tract of dentine 
along the inner side of the crown is also divided hy two deeper 
and more oblique clefts or valleys into an ^ ant-internal lobe,’ c, ///, 
and a ‘■ post-internal lobe/f/: these lobes extend obliquely inward 
and backward from the outer ones, of winch they arc direct coii- 
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rpi-or nudar m ; raloi>M}urium. 


tiiinaiions. l^hc anterior of the two inner clefts, c, z, extends 
(Voin tile middle of the inner surface of tlie crow^n obrnpiely out- 
ward and forward : the [lostcrior one, //, //, enters at the jiostcrior 
side of tlic crown, and extends nearly parallel with e, I : both 
valleys expand and deepen at their blind ends. At an early 
j)cru)d of the attrition of the (u-own they intcrcommnnliaite, and 
extend to the anterior side of the crown, at /, as in tlie younger 
inolar of Palop ! other iuni^ fig. 2(){). Hut the shallow communica- 
ting ])assagcs between h and z, / aiul /, are soon obliteraicd, the 
dentine of lobe d becoming continuous with h ; and that marked 
with a. In Paloplofhermm a liraneh valley, also, extends 
b’oni z> z, to the anterior side of tlie crown, A, cutting off the 
part of the ant-internal lobe m from the rest of c ; but, by cou- 
bnuod abrasion, this valley is also obliterated, and the tooth 
Ji^sumes more of the paheotherian pattern. In Eqnns^ fig. 270, 
the valleys are of less equal depth than in Palieotheriuni, and arc 


cxv". p. 54. 
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SO shallow midway that, at an early stage of attrition, the entry 
of tlie posterior valley, is separated from its termination, h ; 
and that of the internal valley, e, from its termination i ; the blind 
ends of both valleys, moreover, are more extended and irregular, 
than in raheothn'Uan^WiXXi the tendency to curve, so as to produce 
the crescentic form of the islands, /, A, in fig. 270. The oblitem- 
tion of the mkbpart of the accessory valley, A, unites the dentinal 
tract, /;/, to the rest of the lobe, r, as in Paheofherium^ fig. 2(>S: 
but it long remains separate in Jlipparion, as in Paloploflierium, 
fig. 2G9. " 

The Rhinoceros and IL/rax more closely adhere to the Palico- 
therium type: but the outer indents, y',/, are less marked. Tin- 
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horse approaches nearest to the symmetrical type of tlie llmni- 
nants, in wliicli the homologous parts of the crown can, mostly, 
Do well defined. 

In the unworn crow n of the lliimlnaiit molar, fig. 271, the 
vallt;y, /«, extends across the crown more parallel with tlic 
long axis of the jaw, than in fig. 208, ciirving with the coiuravity 
outward: it cominunicatcs with the valley, /; and, as in J^/loplo- 
tkerinm, this is continued to the foresidc of the crowm, as al /, 
fig. 261), severing the lobe c from a. In llumiriants, both tlie 
anterior and j)o.steri<)r entries to this antero-])Ostcrior double- 
curved cleft are so shallow^ that they are soon obliterated, and tlie 
lobe h is continued by a tract of (lentinc, Avitli rf, along the hind 
part of the crown: as the lobe a is continued into lobe c at the 
fore part, as seen in the worn molar of the deer, fig. 271 : tlic 
middle of valley, c, is separated from the end as in the horse : 
but the course of this valley is more transverse, and more di- 
rectly bisects the antero-j)osterk»r valley, h, i: thus the inner 
lobes c arid rf are more parallel with and similar to the outer 
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loJjcs h. Wliethcr the accessory lobule wi, be a lioiiiologue 
of the end, so marked, of lobe c in Palceothcrium^ Paloplotherium^ 
and Pquus^ or a special development at the entry of valley e may 
be doubtful. 

In the Ilippopotamus, fig. 272, the valley commencing at the 
inner side of the crown at extends straight across the tooth to 
//, bisecting the crown trans- 
versely: it is also bisected, 
ani cro-postcriorly, by ashal- 
loNvcr valley, ansAvering to 
A, /, fig. 271. At the stage 
of attrition shown in fig. 

272, the remnant of the 
latter valley is seen at h and 
/ : the deeper transverse 
valley, rh remains : the 
shorter indents,^/’,/,//, A, give 
tlui trelbil character to the 
two chief divisions of the crown characteristic of Hippopotamus. 

Another exposition of the homologous parts of the complex 
ei’owns of the Ungulate molars assumes the crucial division into 
four cpiarters or lobes to be the ])riinitivc modification. The fore- 
and-aft cleft has already begun to be filled by the mid-lobules in 
PHolophns: the arrest of the outer end of the transverse cleft 
])rodiua‘s the continuity of a with h : that of Its mid-part, of d 
with (> ; the obliteration of both ends of the antero-postcrior cleft 
insulates that cleft, as in the Ruminant. The obliteration of the 
iniddhj of the transverse (deft produces the continuation (rf A, 
with (/, t : ; Avhilc the obli(pic (?ontiniiatlon of e Avith ?*, and the 
rctcniioii of the continuity of y A\dth A, leads to the type of 
PaUcothvrinm and Rhinoceros. 

A sul)-typc of grinding surface is produced by the existence of 
a transverse Avithnut an aiitero-])Ostei*ior valley, dividing the 
(n'oAvn into a pair of transverse ridges; as in the Tapir \ Avliich, 
l»oAvevcr, is mainly the greater develo])meiit, and more transverse 
dis])()sition, of the tracts A, d, and a, c, in Palceotherium^ fig. 268. 
The ^ bilophodout’ sub-type becomes more marked in Hinothcriurn^ 
fig. 288, and in the anterior small molar of Mastodoji : the suc- 
ccjssive multiplication of the transverse ridges completes the 
transition into the molar character of JSlcphas. 

1^. Artiodactyla. The extinct Chair opotamus, Anthracotlicriumy 
Hyopotamus and Ilippohyus., had the typical dental formula, and 
this is preserved in the existing representative of the same section 
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of non-ruminant. Artiodactyles, the Ilog. The permanent dental 
foionnla of the genus Siis is illustrated in fig. 273. 

The upper incisors decrease in size from the first, i i, to the 
third, i 3, receding from each other in the same degree ; the first 
is relatively larger in the Sus larcatuit than in the Sus ncroju ; the 
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Dontitiroi *>f fJonr i. 


Ijasal line of the enamel isirrcfifulai* ; that substance extends more 
than an inch upon the outer side of the tooth, but only two or 
tlirce lines on the inner side. The lower incisors are long, sul)- 
coinprcs.scd, nearly straiglit ; the second is rather larger than the 
first ; the third is the smallest, as in the upi)er jaw. 

The upper canines, in the Wild Boar, fig. 273, c, curve forAvard, 
outward, and upward ; tlicir sockets inclining in the same direc- 
tion, and being strengthened above by a ridge of bone, whicli is 
extraordinarily developed in the iVIasked Boar of Africa. Tlie 
enamel covering the convex inferior side of this tusk is longi- 
tudinally ribbed, but is not limited to that part; a narrow strij) 
of the same hard suhstaTicc is laid upon the anterior part, and 
another upon tlie posterior concave angle forming the point ot 
the tusk, Avliich is worn obliquely upwards from before, and 
backwards from that point. In the Soav the canines are much 
smaller tlian in the Boar. Castration arrests the development 
of the tusks in the male. 

The teeth of the molar series jjrogrcssivcly increase in 
from tlie first to the last. The first premolar, ih, p i, has a 
simple, compressed, conical crown, thickest behind, and has two 
fangs. The second, p 2 , has a broader crown with a hind-lobe, 
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luiviiig a depression on its inner surface, and each fang begins to 
be subdivided. Tlie third, p 3, has a similar but broader crown 
implanted by four fangs. The fourth, p 4, lias two principal 
tubercles and some irrcgidar vertical pits on the inner half of the 
crown. The first true molar, m i, when the permanent dentition 
is completed, exhibits the effects of its early development in a 
more marked degree tluin in most other mammals, and in the 
AVild Boar has its tubercles worn down, and a smooth field of 
dentine exposed by the time the last molar lias come into place ; 
it originally bears four primary cones, with smaller subdivisions 
formed by the wrinkled enamel, and an anterior and posterior 
ridge. The four cones produced by tlic crucial impression, of 
which th(3 transverse part is the deepest, are rc])catcd on the 
second true molar m 2, with more com])lcx shallow divisions, and 
a larger tuberculato posterior ridge. The greater extent of the 
last molar, m 3, is chiefly produced liy the development of the 
l.aick ridge into a cluster of tubercles ; the four primary cones 
distinguishable on the anterior 
main body of the tooth. The (Towns 
of the lower molars arc very similar 
to those above but arc rather nar- 
rower, and tlie outei* and inner basal 
tuhercles arc mucb smaller, or are 
wanting ; the grinding surface of the 
last is sliown in fig. 274. 

The first or decidmnis dentition of tlie Hog consists of— 




1.1 3.3 

7 ; ; m .. 


28 (fig. 294). 


The canines are fcclfle, and have their normal direction in both 
jaws, the upiicv oiu's descending aC(*or(ling to the general type, 
which is not (hqiaritid from until at a later period of life. The first 
deciduous molar is not succeeded by a premolar, but holds the 
place of such some time aft er the other deciduous molars are shed. 

The dentition of tlie Wart-hogs is redneed by the suppression 
nf certain incisors and of the first two premolars-— the tootli- 
forining energy being, as it were, transferred to the last true 
molar, fig, 275, m 3, which is oven more remarkable than in the 
<*ominoii hog for its size and complcxit}'^ in both jaws : it is per- 
haps the most i>cculiar and complex tooth in the whole class of 
Mammalia, Tlie surface of the crown presents three series of 
mianiel-islands, in the direction of the long axis of tlie grinding 
^Hirface ; the eight or nine islands of tlie middle row are elliiitic 
iiud simple ; those of the other rows arc e(j[ual in nuinber, but arc 
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sometimes subdivided into smaller islands. These islands or 
lobes are the abraded ends of long and slender columns of dentine, 
encased by thick enamel, and the wliole blended into a coherent 
croAvu by abundant cement, which fills up all the interspaces, and 
forms a thick exterior investment of the entire complex tooth. 

The milk'inolars are in number ; but only the two last arc 
succeeded by premolars. These are small, and, after tlie wcarinir 
out of the first true molar, arc shed, leaving the remnant of tli<? 
second true molar , %. 275, 7n 2, with the last large one, 7n 3, to 
which the work of mastication is confined in old AV^art-hogs. 
This interesting modification, as to order and number, in tlio 



j»w, wM Wirtiii.s^ iuiportaut light on the more aiur 

(n.ucorUoa-.u,'. •I'^i i i 

inalous dentition of the hlophaiit.* 
The tendency to excessive development whicli characterises the 
canine teeth in the Suiflcej aftccts both these and the incisors in 
tlic genus llippopotamns. The two median inferior incisive tusks, 
fig. 276, arc cylindrical, of great size and length ; the two outer 
incisors are likewise cylindrical and straight, but much smaller. 
The upper canines curve downward and outAvard ; their exposed 
part is very short, and is Avorn oblicpicly at the forepart ; they arc 
three-sided, Avith a Avidc and deep loiigitndinal groove behind. 
The loAver canines, ib. c, arc massive, curved in the arc of a 
circle, siditriedral, the angle rounded off' between the tAvo an- 
terior sides, Avhich are convex and thickly enamelled, the posterior 
side of the eroAvn being almost Avholly occupied by the obllqno 
abraded sr.rface op]>osc(l to that on the upper canine. The ini- 
plantcd base of each of these incisive and canine teeth is simple, 
and excavated for a large persistent matrix, contributing to then* 
perennial growdh by constantly reproducing the dental matter to 

’ cLxxin’% p. 495. 
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replace the abraded extremities. The direction of the abraded 
surface is in part provided for by the partial disposition of the 
enamel. The molar series consists of — 

^•4 3-3 

The first prcinolar is small, far in advance of the second, and is 
soon shed: the others (fi^. 276, 2, 3, ’4) form a continuous series 
Avith the true molars (///, 2, a). These have the double trefoil 
character sliown in fig. 272. Tlic crown of the last, in the loAver 
jaw, is lengthened by a fifth cusp developed behind the normal 
pairs. The large tusks, fig. 276, c, exhibit the maximum of density 
ill their eomponont tissues. The enamel ^strikes fire’ with steel 
like fliTit. The compact dentine has a liigli commercial value, 
especially for the fabrication of artificial teeth. It difiers from 
true ivory by showing, in transverse section, the simple concentric 
instead of the ^ engine-turned’ or curvilinear decussating lines.^ 

The affinities of the Hippopotamus arc clearly manifested l)y 
(ho cliaracter of its deciduous dentition ; and if this be cornpai*ed 
with the dentition at a like immature period in other IhufuUftif^ 
it, will be seen, by its closer correspoinleiice with that of Artio- 
dnclyles, and more espceially the Phacocherc, that the llippo- 
l)olanuis Is essentially a gigantic Hog. 

The formula of tlie teeth whicli arc shed and replaced, is — 


If the small and simple tooth, wliicli is developed anterior to the 
deciduous molars, and Avlilch has no successor, be regarded, from 
its early loss in the existing ilippoi)otamus, as the first of the 
deciduous series, we must tlicu reckon with Cuvier four milk- 
uiolars on each side of both jaws. 

The Incisoi*s in both jaws arc simjdy conical and subequal, Avith 
an entire enj) of enamel on the crowii. Tlie deciduous canines 
S(‘arc(dy surpass them in size in the iii)pcr juAv, and not at all in 
the lower. I’rojecting forward, Jiere, from the angles of tlic 
Inoad and straiglit symphysis, they appear like an additional pair 
of incisors ; and this character of equality of development was 
r<*tairied by tlie ancient form of Hippopotamus Avith the more 
typical number of incisors, , Avhich formerly inhabited India. 

The first true deciduous molar, d 2, lias a conical crown and two 
fangs ill both jaws. That above lias also a conical croAvii Aiitli 
cue strong posterior and two anterior ridges. The second 


^ tw V. is describod (p. 5G9) and figured (pi. 142), the lower tusk of a llippopota- 
nius wliicli, after fracture, had been united again by a mass of ‘ osteodcntiiio.’ 
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deciduous molar, d s, has a large trilobate crown, the first lobe small, 
with an anterior basal ridge ; the second large, conical, with three 
longitudinal indentations ; the third lobe still larger, and cleft into 
two lialf-concs by an antero-posterior fissure assuming the normal 
pattern of the true molars. The third deciduous molar, d 4, above 
more closely resembles the ordinary upper true molar; but its 
second pair of ilemi-conos are relatively larger. In the lower ja^v 
the last deciduous molar, d 4, has a more complex crown than that of 
any other teeth of the permanent or deciduous dentition. It has 
three pairs of doini-concs, progressively increasing iA size, from 
before backward, with an anterior and posterior basal ridge atul 
tubercles. Like the last trilobate deciduous lower molar of the 
Hog, it increases in thickness posteriorly, instead of diminishing 
here, like the last true molar of the lower jaw of the adult Hippo- 
potamus. 

The upper incisors, and the first premolar of both jaws, are not 
developed in the typical Ruminants, rarely the iijiper caninc>s : 
the dental formula being : — 



3.3 

3.3’ 


m 


3.3 

3.3 


32 (vol. ii. p. 474, fig. 324). 


The gazelle, the slieep, tlic ox— respectively rejiresenting tius 
families AntUopid<ny Ovidfc^ and liovUhe, which are collectively 
designated the ^ liollow-liorncd ruminants ’ — all present <his 
formula. It likewise characterises many of the solid4iorned 

ruminants, or the deer tribe 
( Cervida;), the excejitions hav- 
ing canine teeth in the up|)tT 
jaw of the male sex, and 
sometimes also in the females, 
though they are always smaller 
in these. 

The upper canines attain 
their greatest length in the 
Muutjac (vol. ii. p. 478, fig. 
328, a a) and the small Musk- 
deer, and especially in the 
typical species { MnsrJiiiH vioschijerusi fig. 277.) These teeth, in- 
deed, in the male IVIusk, il). c, present proportions intermediate be- 
tween those of the uj>j)cr canines of the Machairodus and of tlui 
Morse. The mverse relationship in the de velopment of teeth and 
horns, exemplified by tlic total absence of canines in the llunu- 
nants with persistent frontal weapons, by their first appearance 

* The line traverses the Cuvieriaii.* dents carnassieres ’ ; the interrupted line tra- 
verses the BJainvillian ‘dents priiicipalcs *. 
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in the periodically hornless deer, and by their larger size in the 
absolutely hornless Musks, is further illustrated by the presence 
not only of canines, but of a pair of laniarifonn incisors, fig. 278, /, 
in the upper jaw of the Camduixe. 

In tlie Camel and Dromedary the upper canines, fig. 278, c, 
arc fonnidable for their size and shape, but do not project beyond 
tlie lips like the tusks of 
the Musk-deer ; they are 
more feeble in the Lla- 
mas and Vicugnas, and ' 
arc always of smaller size 
in the females than in the 
males. The inferior ca- 
nines, n, moreover, retain 
1 heir laniarifonn shape 
in the Camelidm^ and arc 
more erect in position 
than in the ordinary Ru- 
minants. They are separated by a short diastema from the inci- 
sors ill the Andie niof, 

'flic true nature of tlic corresponding canines in tlie ordinary 
Ruminants, in which they arc jirocumbent, and form part of the 
same series with the incisors, is always indicated by the lateness 
of their develoi)mcnt, and often l)y some |)ceuliarity of form. Tlius 
in the Moschus, tig. 277, c, they arc smaller and more pointed 
tJian the incisors; in tlie Giraffe they have a much larger crown, 
whieli is bilobed. The laniarifonn tooth in the premaxillary 
bone of the Catnelidce, fig. 278, i, which represents the upper and 
outer incisor, i, is smaller than the true canine, r, which is placet! 
bt liind it in the Camel and Dromedary ; but in the Vicugna it is 
as large as, or larger than, the true canine. 

Most of the deciduous molars of the Ruminants resemble in 
form the true molars; the 
last milk-molar, for example, 
fig. 279, d 4, in the lower 
jaw, has three lobes like the 
last lower true molar, m . 3 . 
fhe deciduous molars in 
existing true Ruminants are 
three in number on each side, 
and, being succeeded by as many prcmolars, the ordinary perma- 
nent molar formula is — 
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Declduuua auil I'crmaiiciit teeth of a Sheep. 
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3.3* 
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3.3 
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but there is a rudiment of i in the embryo Fallow-deer, and in 
one of the most ancient of the extinct lluminants (Dorcathfrriumy 
Kaiip) the normal number of preuiolars was fully developed. 

The characteristic complexity of the Ruminant grinder, fig. 
271, is seen, in the permanent series, only in the three posterior 
teeth of both up{)er and lower jaws, which are the true molars ; 
the three first, or prcmolars, having more simple crowns than 
those whicli they displace. The comjdcxity in question is tlu; 
result of peculiar plications of the formative capsule, some oi’ 
wliich are longitudinal, or project inward from the sides of tlie 
capsule, and form peninsular folds of enamel upon the grinding 
surface of the tootli, whilst others depend vertically from the 
summit of the matrix into the body of the tooth, and form islands 
of enamel when the crown begins to be worn. Of the longi- 
tudinal folds, two in the npix?r true molars arc external, broad, 
1 ) 11 1 shallow, and often sinuous, and one is internal, narrow, and 
deej), extending quite acr()ss tJie summit of the crown of the 
tooth, and decreasing in dejitli toward tlio liase of tlic crown. 
The corresponding fold of enamel in the completed tooth, ac- 
cordingly, extends more or less across the crown, from within 
outward, as the tooth is less or more worn. . Tlic whole circuin- 
ference of this comj)lex molar is also invested by a coat of enamel 
and a thinner layer of cement. In some lluinimints, e.g. Ox, 
Deer, and (liraffe, a small v(‘rtical column, fig. 271, m, is de- 
veloped at the internal iiiters[)ace of the two lobes of one or more 
of the upper true molars, varying in beiglit, and rarely reaching 
the summit of the new-formed crown, l>ut longest in tlic Borida^ 
Different genera of Kuminants also dlflcr in the depth and sinu- 
osity of the two outer longitudinal folds, /', and in the doptli aiul 
complexity of the two vertical folds,//,/, wliich likewise are united in 
some species by a longer common base than in others, ])roducing 
thereby a continuity of the enamel, and complete antcro-postcrior 
bisection of the grinding surface during a longer period of attri- 
tion. Tlic molars of the Camel present the most simple con- 
dition of the Kuminant type of those teeth; the transverse fold 
dividing the (trown being short, the deutine of tlie two lobes soon 
forms a continuous tract. The common base of the crescentic 
vertical folds of the capsule being likewise short, the enamel 
islands arc soon separated from each other. They include a 
shallow or narrow crescentic cavity, with a simple hut slightly 
sinuous contour. The two outer shallow longitudinal depressions 
of* the crown have no middle rising ; and there is no columnar 
process at the interspace of the two inner convexities. 
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The lower molars arc like the upper ones reversed. The single 
median longitudinal fold is external^ and divides the convex outer 
sides of the two lobes. The base of the fold extends, in some 
species, across the molar for some distance before it contracts in 
breadth, retreating toward the outer side, and the two lobes of 
tlie crown accordingly continue to be completely divided for a 
longer ])criod, as in the Elk and Giraffe. The inner surfiice of 
(lie molar is gently sinuous, the coneavitics being rarely so deep 
as those of tlie outer surface of the iijipcr molars. The lower 
molars are ahvays tliinnor, in proj^ortion to their hreadtli, than 
those above, and the crescentic islands arc narrower and Jes>s 
bowed. The diffcron(*cs wdiich tire lower molars present in dif- 
ferent genera of liuminants a7*e analogous to those in the upper 
molars, but are less marked. The accessory small column, when 
present, as in Boh^ Urua^ Metjaceros, and Akca^ is situated at 
the outer interspace of the convex lolies, and nearer the base in 
the (V/’t’ute •than in the Bovidee. It is not developed in the 
Antelopes, Sheep, or Camel, and is Avanting in most of the 
smaller species of Deer. The last true molar of the lower jaw is 
characterised in all Uuminants by the addition of a third pos- 
terior lube, '^riiis is very small and simple in the Camel and the 
Gnu, is relatively larger in the Bomdte and CWridca, and pre- 
sents, in the 3fef/acerofi and Sivatherium^ a deeiier central onanu*! 
island or fold, w hich also characterises the smaller third lohe in 
the Giraffe. The low^er molars of the genus Auc/iaiia arc pecu- 
liarly distiuguished by the vertical ritlge at the forepart of the 
anterior lobe, Avhich does not exist in the Camels of the Old 
AVorld. 

In all Ivnmiiiants, the outer contour of the entire molar scries 
is slightly zigzag, the anterior and outer angle of one tooth pro- 
j(‘eting beyond the posterior and outer angle of the next in 
iidvauee. All the three lower premolars have compressed, sub- 
treiKihant, and poijited crowns in the small M usk-deer ( Tragulus), 
'file true Musk (A/c.scA/^.s) more rescnililes the ordinary Dc(M’ 
ni its premolars. The aberrant Camelidce deviate most from 
ruminant type in the position, shape, and number of the pre- 
molars: the anterior one, fig. 278, .y, is laniariform in both jaAvs. 

As phenomena of dentition serve to determine, or indicate, tlie 
ago of Hoofed beasts, a fable is subjoined in Avhich the charac- 
tenstlc teeth arc indicated by the symbols adopted in my ‘ Odon- 
tography’ (v), and illustrated in figs. 279 and 294, Avith reference 
to those domesticated varieties raised for food, Avhich are usually 
t'xhibitcd, in competition, of prescribed ages, at the great cattle 
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shows. The range of variety, for which allowance may be made, 
is noted in the Ox and Sheep. 


Table of the Times op Appearance op the 1*ermanent Teeth in the Ox, 

Sheep, and Iloo. 


.Symbols. 

i 

i 

ox. 



SHEEP. 

HOG. 

Year. Mouth. 

. 

Early. 
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L'ar. Month. 
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c. Perissoflach/la . — The Horse is selected as the firSt example of 
the dentition of the hoofed (iuadrii])ed8 with toes in nneven nnmher, 
because it offers in this part of its organisation some transitional 


2S0 

/ li i 



Dcniitlon of Horse (liijnng). 


features between those of the dental characters of the tyihcal 
members of the artiodactyle and of those of the pcrissodactylc 
Ungulata, 

All the kinds of tecith are retained, in nearly normal numbers, 
in both jaws, and witli almost as little uncfpial or excessive dc- 
velojmient as in the Anoplotherc ; but the prolongation of the 
slender jaws carries the canines, figs. 280, c, and incisors, il). h 
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some distance Iroin tlie luolurs, and creates a long diastema, as in 
tlie lluininants and Tajiirs. The first deciduous molar is very 
niiiuite and is not succeeded by a preinolar; yet, remaining longer 
in place than the larger deciduous molars behind, it represents 
the first ])remolar, and completes the typical number of that 
division of the grinding series. If the dental formula of the 
genus Efjnus lie restrieted to the functionally developed perma- 
nent teeth, it will be — 


. 3.3 1.1 3.3 

*3.3* 


3.3 
‘ 3 . 3 * 


- 40 . 


‘J8l 


The outer side of the iipjier molar of the Horse (Eqnus Ca^ 
fjafhts, fig. 2fi9) is impressed, as in the Palieothere, fig. 267, by 
two wide longitudinal channels; the other evidenc.os of the jieris- 
so<lact.yIe type of grinding surface, and the modifications thereof, 
aie given at p. 341. In the lower jaw, the teeth, as usual, are 
narrower transversely than in the upper jaw; they are divided 
t^\tcrnally into two convex lobes by a median longitudinal fissure, 
and on the inner side they present three principal unequal con- 
vex ridges, and an anterior and posterior narrower ridgiv, but 
the crown of the molar is penetrated from the inner side by 
dei'jxa* and mure cjoinplex folds than in the 
llhinoccros or l^iheolherc, 

Tlie incisors, figs. 280, 28;>, /, are arranged 
close together in tlie are of a circle at the ex- 
tremity of both jaAvs. 44iey are slightly curved, 
longitudinally groovial, with hmg simple snbtri- 
luMlral fangs tajiering to their extremity, tig. 

280, The croAvns are broad, thick, anil short. 

The contour of the biting snrlace, before it is 
much worn, approaches an ellipse. These teeth, 
it tonnd detached, n'cent or fossil, are distin- 
guishable from those of the Kuminants by 
their greater curvature, and from those of all 
<»tlK*r animals by the fold of enamel (ib. c'), 
which penetrates the body of the eroAvn from 
Os hioad flat summit, like the inverted finger 
'>1 a glove. When the tooth begins to be worn, 
die told forms an island of enamel inclosing 
3 cavity^ .V, ])arlly filled by cement and partly by the discoloured 
'^nbstances of the food; this is called by horse-dealers the ‘ mark.’ 

aged horses the incisors are worn down bclow' the extent of 
‘be fold, and the mark disa|)pears. The cavity is usual ly obli- 
f^aated in the first or mid-incisors at the sixth year, in the second 
you Jii. A .\ 
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incisors at tlic seventh year, and in the third or outer incisors sit 
the eighth year, in the lower jaw. It remains longer in those of tlio 
U{)j)er jaw, and in both the place of the ‘ mark ’ continues for some 
years to be Indicateil by the dark-coloured cement or osteo-dentiiu . 

The canines arc small in the stallion, IcSkS in the gelding, and 
rudiniental in the marc. The unworn crown is remarkable for 
the folding in of the anterior ami posterior margins of enamel, 
which hero includes an extremely thin layer of dentine, dhe 
upper canine is situated in the middle of the long interspace be- 
tween the incisors and molars : the lower canine, fig. 280, c, is 
close to the outer incisor, as in the Kiuninants, but is better dis- 
tinguished by its cuspidate form. 

The most obvious character by wdiicb the horse’s molars may 
he distinguished from the c.omplex teeth of otlicr llerhicora coi- 
respoiiding wdth them in size, is the great length of the tooth 
before it divides into fangs. This division, indeed, does not 


begin to take j)lace until much of the crown has been worn away; 
and tliiis, exce[)t in old horses, a c()nsK]erable* portion ol llic whole 
of the molar is implanted in the socket by an undivHl(*d base. 
This is slightly curved in the upper molars. It provides for mas- 
tication during a longer life than in the cow% 

The following is the average course of development and suc- 
cession of the teeth in the Jujiius Cahfillus ; — The siimmits nl 
the first functional deciduous molar* first grinder’ of veierinai v 
autluu's) are usually apparent at l)irth; the succeeding grinder 
sometimes rises a day or two later, sometimes together with the 

first. Their a[)pearance is sj)ecdily 


-/ 1 



lU*ci‘lnoiH nu‘i.>iir< of i-yi.'ar I'lMt, 


followed by that of the first dccidn- 
ous incisor, fig. 282, d i (" <*entn' 
nipper ’ of veterinarians), which nsn- 
allv cuts the gum -between tlie tldnl 
and sixth days; but occasionally pro- 
trudes at birth. The second deciduous 
incisor, ib. cl 2, appears between tlii‘ 
tw entieth and fortieth days, and about 
this time the rudiinental mohn , ‘ 
comes into place, and the last tlo- 
ciduous molar ^ begins to cut the gum- 
About the sixth month the inferior 
lateral or third incisors, ib. d 3, with 


the deciduous canine make their appearance. The lower iTiiuide 
canine is shed about the time that the contiguous incisor is m 


The homologue of d fig, 3 . 287. 


' Ib. d 4. 


* Ilk d .X 


» Ib. rfl. 



rKKTH OF UNGULATA, 

.J5. 

|)lacc. Tlie upper deciduous canine is slied in the course of tin 
second year. Ihe nse to working level of tl,e third deciduous in- 
e.sors or comer .uppers > completes the stage of dentition called th. 
colts mouth by veterinary authors, fig, 282. The dc'ciduous inci 
soi-s are not only smaller than the permanent ones, but ai-e white 
have a better marked ‘ neck,’ the fang more slender and pointed and 
are devoid of the median longitudinal groove. Thetirs perm le^^ 


MiriMVi; (Irtitir Mill nf ulij (a. It, 

JuAVtT j;iw. 


JMrisitp ilrphiinii (if |-y(>;i.r iib] (’ii|t. 
I.'m cr jm, . 


"J'-Iay, »> 1, appears betwoo.i the eleventh an.l fourteenth months, 
•e second molar, in 2 , t„||„,vs at the twentieth month or 'the 

i'lo,!! ^ T' , I'remolar, p 2, disi.laees the deci- 

s nm HI, d 2, at from two years to two years and a half old ‘ 
^ ‘‘j hrst permanent incisor, fig. 28:{, / ,, displaces d a, and pro- 

vear '^ aTh ^ i‘"‘l a half and three 

n,e,hl , l>f^n"lti»iate preniolar, v », 

inolar" milk-molar, and the pennltimate true 

vear - il ** *>ct'veen three years and a half and four 

Inlliv f !‘'j‘'ve the gum of the last true molar, m 3 . is 

mit f V ’."*‘‘"^***** 1 he second incisor, fig, 284, i •> imshes 

■file n™ P«xleoessor at about three years and eight months. 

""Tr ‘ follows; its appearance 

-•rlier tIc iV ^ e comes 

’xl-mi's i ml oxt the de- 

'>cr. lusnallv i^"*! >x«t preniolar is 

^ ully on a level with the other grinders. LJpo.I the Hsing 

XnliolH, a’Se’^X dTwl "rTiT *>3' "a> same 

' 1 of faSonaVir" .liaplLcmeat of 
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of the third pennanent incisor, or ‘ corner nipper,’ the ‘ colt ’ he- 
comes sx ‘ horse,’ and the ‘ filly ’ a ‘ mare,’ in the language of the 
horse-dealers; after the disappearance of the ‘mark’ in the in- 
cisors, at the .eighth or ninth year, the lioree becomes ‘ ac^cd ’ 


28.3 



Tnolsivo vu :ir old 

l-fWxT jliW. 


The niodilications which the 
upper molars of Jhjrax^ fjo*. 
286, present, as (*.oinpared with 
those of Paleotheriuni f will be 
readily understood by the re- 
marks in the section on the 
homologies of the grinding .sin - 
face, as illustrated i)y figs. 268 
270. The present genus is a mi- 
niature form of the family, and, 
like the primitive eo- and ini(»- 
eene hornless i‘hinoceros( Aaro- 
fherium)^ retains large ineisors, 
with a ty pe molar scries, e.g. 


1 . 1 ^ 0.0 4.4 

l.l* (Mi* ^4.4* 




^ 32 . 


There arc no canines. A.s to the incisors in Uiinix or lihinoc-niA 
the species vary, not only in regard to their form and proportions, 

but a Iso thedr existence* ; 


and in the varieties oi‘ 
these teeth w^e may dis - 
cern the same invcr.<c 
relation to the dcveloi)- 
mentof tiie h(u*us wliicli 
is manif*e.st(Ml bv the ca- 
j)ines of the liumijianls. 

Ur-lifiliiiji. UJ.J.IT i;r.v , 

llins, the two-horned 
Khinocero.ses of Africa, which arc remarkable for the great length 
of one {li/t, bkoruis^ Rh, simus) or both (/?//. Keitloa) of the 
nasal wcapoirs, have no incisors in tlndr adult dentition; ludther 
had great extinct tvvo-liorned species iUh. tlchorinm)^ th(3 
jirodlgious develojiiiient of whose liorns is indicated by the singu- 
lar modifications of the vomerine, nasal, and premaxillary l)onc8, 
ill relation to the firm supjiort of those weapons. The Smnatran 
bicorn Khinocerus combine.s, with comparatively small horns, 
moderately developed incisors in both jaws. The incisors arc of 
larger size in the unmorn llliinoccroses (/fA. Indicns and 
flaicus); still larger, relatively, in the hornless Acerotherium and 
Hyrax, figs. 286, 287, /. ’ 
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287 

V 

ni'cidnons ami lioniiaiinn. iff-tb, Ihjm.r. Snl. si/,-. 



The deciduous molars of the Rhinoceros are, in number as well 
ns in shape, similar to those in Il^rax, which hears the same re- 
lation to the great Rhinoceros as the small existing Sloth does to 
tlie extinct Megatherium. The change of dentition of the Ilki. 
)H)<orotid(P. if;, tlicref’oj’c, here 
illustrated 1)^ the vouti^** 

/ If/ rax rapensis^ 287. 

The four preinolars, p i, 

2, 4, are exposed above 

the four deciduous molars, 

(1 1, 2, a, 4, whi(*h they push 
out; the first true molar, 
at I, is ill jdaee ; the second, 
nt 2, and third, /// a, molars 
are m (litf(>reiit states of h.rwardness. The first prcmolar differs 
Imm the rest, only hy a graduated inferiority of size, which in 
t ie last i)romolar,;, 4, ceases to he a distinction between it and 
the true molars. 

The dental fonnuln of the Tapir is 

1.1 4.4 .3.;{ 

' .i-.i’ l.l ’ ^ .i;p a n ' ■*- *'• T- fig. .300, immiiturc). 

llie modifui inei.sors above have a broad trenchant crown k 
.“(!parat«l liy a transverse channel from a large basal rido-e • the 
wedge-slmiied crowns of the ojiposite pair 'below fit into the 
channel, and have no basal ridge; the outer incisors above are 
very large and like canines; those below are unusuallv small, 
t he canines, /, have crowns much shorter than their roots njui 
not projecting, like tusks, beyond the lips; they are pointed; with 
an outer convex, separated by sharp edges from an inner less 
convex, surface. The lower canines form part of the same semU 
circular series with the iuei.sor.s. The first three premolars above 
icnc the outei part of the crown composed of two luilf-eones the 

posterior one having a basal ridge ; the anterior basal ihhro rises 
mto a small cusp in the second jirernolar, which increa8e,s"m size 
>ti the third and fourth ; m this tooth the transverse depression 
divides at the ba.se of the anterior and outer demicone, and the 
postonor division is continued into the interspace of the two 
detmcimes; these, therefore, now become in m i and o the outer 
ends of the two transverse wedge-shaped eminences, givimr thdr 
M.mnuts a curve whose concavity is turned backward ; the last 
niolar, m .% may be known by the shorter and more curved no^' 
mor eminence. In the dentition of the lower jaw the do.ible 
tiansverse ridged structure prevails throughout the molar series 
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tUc antorloi* talon being most produced and compressed in the 
first tooth, p 5?. 

Certain huge fossil bilopliodont grinders, which soerned to indicate 
a gigantic Tapir, are now known, by the discovery of the cranimn, 
and the enormous tusks of the lower jaw, lig. 288, to belong to 
a genUwS eoiuieoiing the tapiroid with the |»roboscidian families. 
The permanent dentition of the gem is Dinotherium is™ 

. 0.0 0.0 2.2 3.S 

The two deciduous molars in situ on each side of the fragment oi 
the upper jaw of tlie young Dinotherinmy which Professor Kau|)' 
has figured, answer to the third and fourth of the tyjiical serit s. 
Hie crown of the anterior milk-molar su|)poris two transverse 






\ 4 ^ 


( OfUlili'OiMr Diiitiriii'MiMii iK;iui>>. 

ridges with an anterior and posterior basal ridge; its contour is 
almost sfjuarc ; the last milk-molar has a greater antevo-posti*- 
rior (extent, and sujijiorls three transverse eminences with an 
anterior and posterior basal ridge, the anterior ridge being 
devclc^pcd into a pointed tubercle at its outer end. 1'he two 
premohirs, fig, 288, p a and 4, conform to general rule in 
lieing more simple than the teeth which they displace and suc- 
ceed. The tran.svcrsc diameter of the second preinolar exi^ccds the 
antero-j)Ostcrior one, the proportions being the reverse of tliosc of 
the deciduous molar, which it <li.s|)laccs. The first true molar, m 
rejieats the structure of the hindmost deciduous molar, its crown 


‘ C7.X1X", i).,401 ; and cxm". Tub. i. 
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Iravijig a (ilsproportionate aiitcro-posterior extent, an<] {supporting 
three trauaverse eniincucos, with an anterior, posterior, ancl inter- 
luil basal ridge. The Dinotherc resumes the tapin)i(l character, 
and differs from the Mastodon, inasmuch as the posterior molars, 
m 2 and instead of having an increased antero-postcrior extent 
and more oom[)lex crowns, increase only in tliickness, and suj)port 
two instead of tliree transverse eminences ; they Iuiac also an an- 
terior and a posterior l^asal ridge. In the lower jaw the first 
premolar, p 3, is implanted, like that above, hy two fangs; bnt it 
lias a smaller and simpler crown, which is narrower in proportion to 
its antero-posterior extent, and is almost entirely occupied by the 
antei’C-posterior ridge, only the posterior of tlie two inner tuber- 
cles being developed ; thus the crown presents more of’ a trenchant 
than of a grinding character ; the second prcmolar, p 4, supjiorts 
two transverse ridges. The third of the permanent series, which 
is the first true molar, m i, has three transverse ridges, like tin? 
<»ne above, but is relatively narrower; the sccoiul, in 2 , and third, 
m 3 , true molars Irive each large square crowns, with two trans- 
verse ridges, and an antiudor and posterior talon, the latter being 
more developed than in the corresponding molars of the nj^per 
jaw. 

The geiieri(’ pecnliarily of tlie Dinotlicrinm is most strongly 
nianif(*sted in its tnsks. These, fig. 288, ?, arc two in number, 
imidanted in the prolonged and deflected symphysis of the low er 
jaw , in close (amtiguity with each other, and having their exserted 
crown directed dow^invard and bent backward, gradnally de- 
creasing to the pointed extremity. In jaws with molar teeth of 
eapial size, the symphysis and its tusks offer two sizes ; the larger 
ones, wdiich have been found four feet in length, with tusks of 
two feet, may be attributed to the male Dinothere ; the smaller 
specimens, with tusks of half size, to the female. The ivory of 
these tusks presents the fine concentric structure of those of the 
Hippopotamus, not the decussating curvilinear character which 
characterises the ivory of the Elejdiant and Mastodon. No cor- 
resjumding tusks, nor the germs of such, have yet been discovered 
in the up[)er jaw of the Dinotherium^ 

I). The dentition of the genus Elephas^ the sole 

existing modification of the once numerous and varied Probosci- 
dian family, includes twd Jong tusks, fig. 289, oiie, /, in each of the 
premaxillary bones, and li^ge and complex molars, ib., rf 4 , m i, 
ni 2 , in both jaws: of the latter there is never more than one 
wholly, or two partially, in place and use on each side at any 
given time, the series being continually in progress of formation 
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and destruction, of shedding and replacement : and all the grinders 
succeed one another, like true molars, horizontally, from behind 
forwai’ds. 

The total number of teeth developed in the elephant appears 
to be : the two . large peimaiient tusks being 

preceded by two small deciduous ones, and the number of molar 

teeth whicli follow one another 

on each side of both jaws bei ng 289 

not less than six, of which the - 

last^ three answer to the true 

the gum when about an inch , 

in length, a month or two \ 
usually after the niilk-tusks li ,• ■ 
are l widely open ^ 

surrounding the^ base of the |,M 
mies to increase in size. arH| m 

and linally extending its 


rtfctloti of ftftttinm :iii<{ tnsk of Klfplintil . 

rlotso to ilie nafial aperture, fip;'* 
2HJ), n. The tusk, being subjeetto 
no attrition from an op])Ose(l tooth, but being worn only by tbcoo 
casional uses to wliicb it is applied, arrives at an cxti'aordinary 
length, follgwing the (Mirvc originally impressed ujk)!! it by the 
form of the socket, and gradually widening from the projecting 
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apex to that part wliich was formed wlien the matrix and tlie 
.socket liad reached their full size. 

These incisive teeth of tlie elepliant not only surpass othei* 
tooth in size, as belonging to a (piadruped so enornioiis, but they 
are the largest of all teeth in proportion to the size of the body ; 
representing in a natural state those monstrous incisors of the 
rodents, wliieli arc the result of accidental suppression of the 
wearing force of the opposite teeth, fig. 

The tusks of the elepliant, like those of the mastodon, consist 
chiefly of that modification of dentine which is called ‘ ivory,’ 
and which shows, on transverse fractures or sections, striic pro- 
c(‘cding in the arc of a circle from the centre to the circumference 
in opposite directions, and forming by their decussations curvili- 
n(>ar lozeng(‘S. This character is [)eculiar to the tusks of the 
1 h’oboscidian Pacliy dci-ins. 

Ill the Indian Elejihant the tusks are always short and straight 
in the female, and loss. deeply implanted than in the male: she 
thus retaining, as usual, more of the characters of the immature 
state. Jn the male they liave been known , to acrpiire a length of 
nine feet, with a basal diameter of eight inches, and to weigh one 
hundred and fifty pounds: but these 
dimensions are rare in the Asiatic* 
s|K'(‘ies. 

d'he elephant of Africa, at least 
in certain localities, has large tusks 
in both sexes ; and the ivory is most 
esteemed by tlie maimfacturer for 
its density and whiteness. 

file molar teeth of tlie elephant are 
r(‘inarkal)le for their great size, and 
extreme coinplcxitv of their struc- 
ture, fig. 2t)(). The crown, of which 

great proportion is buried in the 
socket, and very little im>ro than the 
grinding surface appears above the 
gum, is deeply divided into a number 
ct transverse perpendicular jilates. 

Consisting each of a body of den- 
line, d, coated by a layer of enamel station of moiar.Kiopiiai.t. 

ili., and this again by the cement, ib,, c, which fills the interspaces 
"f tile enamelled jilates.and here more especially merits its name, 
since it hinds together the several ilivisions of' the crown before 
they are fully formed and united by the confluence of their bases 


aim 
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into a c<nnnioii body of dentine. As the groAvth of each plate 
begins at the summit, tliey remain detached and like so many 
separate teeth or denticnles, until their base is completed, when it 
becomes blended with the bases of contiguous plates to form the 
t'ommon body of the crown of the complex tooth from which tlie 
ro«>ts are next developed. 

The plates of the molar teeth of the Siberian Mammoth ( AVc/zZ/r/.v 
*,yj jirimigniius^ are thinner in proportion 

to their breadth, and more numerous 
ill proportion to the size of the crown 
than in the existing species of Asiatic 
hdephant. In the African Elephant, 
Hg. 291, the lamellar divisions of the 
crown are fewer and thicker, and they 
expand more uniformly from the mar- 
gins to the centre, yielding a lozenge- 
form w hen eut or worn transversely, as 
in mastication. From this modification 
the gradation is close in the many extinct species to the three- 
ridged Mastodons and two-ridgod Dinotlieres. 

The first molars of tlic Asiatic Elephant include four |)lates, are 
in jdace and use at three months, and are shed when the elejiliant 
is about tAvo yeai*s old. 

The eight or nine plates of the second molar are formed in the 
closed alveolus, behind the first molar bv the time tliis cuts the 
gum, and they are united with the body of the tooth, and most 
of them are in use, when the first molar is shed. 

The third molar has the crown divided into IVom eleven to 
tliirteen plates ; it aviu-ages four inches in length, and two inches 
in breadth, and has a small anterior, and a very large posterior 
root ; it begins to appear above the gnin about the end of the 
second year, is in its most complete state and extensive use 
during the fifth year, and is worn out and shed in the ninth year. 
Its remains about this [leriod are shown in fig. 289,^4. The 
throe preceding teeth answer to the deciduous molars, // 2 , 
and ^/4, in the Uyrax, fig. 287, and Hog, fig. 294. 

I'he fourth molar, figs. 289 and 292, m i, presents a marked 
superiority of size over the third, and a somew hat diifereut form : 
the anterior angh^ is more oliliquely abraded, giving a pentagonal 
figure to the tooth in tlie upper jaw. The number of plates in 
the crown of this tooth is fifteen or sixteen ; its length between 
seven and eight in(*bes; its breadth three inches. The fore- 
part of the grinding surlacc of this tooth begins to protrude 
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MoJars, iiiwc r jaw, tiidian I'ilcphiinl . 
/Kl . I-J jeiU r*. 


throiigli tlic giini at tlio sixth year: it is in full use nnd placo at 
the fifteenth year (fig. 289, m i): tln^ tooth is worn a^vay, and its 
last remnant shed, aixmt the twentieth or twenty-fifth year. I t is 
the hornologue of the first true molar of Ityrax^ fig. 287, m i. 

'fhe fiiih molar, ib., w 2 , with a irrown of from seventeen to 
tw(‘nty plates, meiisiires between nine and ten inches in length, 
and about three imdies and a lialf in breadth. It begins to appinir 
above the gum about the twen- 
tieth year: its duration has not 
been ase>ertained by observation. 

"I'hc sixth nuhii* is the last, and 
has from tw(‘nty-lwo to twenty- 
sev(*n plates ; its length, or an- 
te ro-postevior extent, following 
the curvature, is from twelve to 
fifteen inches: the breadth of the 
grinding surface rarely exceeds three im-hes and a lialf.’ 

'fluj molar teeth succeed each other IVom hehind forward, 
moving in the arc of a (drcle, shown by the curved line in fig. 
2S9. The p<,»sition of the growing tooth in the closed alveolus, 
m 2, is almost at riglit angles willi tliat in nse, the grinding 
surface lieing at first directed backward in the u))|)er jaw, forward 
in the lower jaw, and hronght, by the revolving course, into a 
horizontal line in both jaws, so that they oppose each other, 
\vh(»n develojicd for use. The imaginary pivot on which the 
grinders revolve is next their root in tlie upper jaw, and is next 
the grinding surface in the hiwcr jaw ; in lioth, towards the 
frontal siirtacc of the skull. Viewing both upper and lower 
molars as one complex whole, subject to the same revolving move- 
ment, the section dividing such whole into upper and lower por- 
tion runs parallel to the curve described by that movement, the 
upper lieing the central portion, or that nearest the [nvot, the 
lower, the peripheral jiortion : the grimling surface of the upper 
molars is (•onse<[uentIy convex from behind forward, and that of 
the lower molars coneavc : the upper molars are always broader 
than the lower ones. 

The bony plate forming the sockets of tlie growing teeth is 
more than usually distinct from the body of the maxillary, and 


* In my ‘ Odontojjraphy ' I was led to conjecture tliat ‘this molar, if it makes its 
appearance about the fiftieth year, would, from its superior depth and length, continue 
to do the work of nuustication until Uie ponderous Pachyderm had passed the cen- 
tury of its existence : * hut 1 would now merely suggest, to all who may have the 
Opportunity, the desirability of making and recording observations supplementary to 
those in the text made on captive Asiatic elephants in European menageries. 
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participates in tins revolving course, advancing forward with the 
teeth. I'hc partition between the tooth in use and its successor 
is perforated near the middle; and, in its progress forward, that 
part next the grinding surface is first absorbed ; the rest disap- 
j)earing with the abso] ])tion of the roots of the preceding grinder. 

There are few' examples of organs that manifest a more striking 
ailaptatlon of a comjilex structure to the exigencies of the animal 
endowed with it, than tlie griinling teetli of the elejdiant. We 
perceive, for example, that the jaw is not encumbered with tlie 
Avhole Aveight of tlie massive tooth at once, but that it is formed 
by degi’ecs as it is rcrpiired ; the division of tlie crown into a 
number of successive plates, aud the subdivision of these into 
cylindrical jwocesscs, presenting the conditions most favourable 
to progressive formation. Tlie fore and most abraded part f)f tlie 
tooth is fitted fiw tlie first coarse crusliing of tlie branches of a 
tree: the transverse enamel ridges of the succeeding part of the 
tooth divide it into smaller fragments, and the jiosterior islands 
and tiiben^h’S of enamel pound it to the pulp fit fin* deglutition. 
'I'lie structure and progressive development (»!' the tooth not only 
give to the elephant’s grinder the advantage of the uneven sur- 
face which adapts the millstone for its office, but, at the same 
time, secure tlie constant presence of the most offi<;ient arrange- 
ment for the finer comminution of the food, at the part of the 
mouth which is nearest the fauces. 

The central part of the tusk especially near the liase of such 
as have reached their full size, is occupied by a slender cylindrical 
tract of modified ivory, perforated by a few vascular canals, which 
is continued the apex of the tusk. It is not uncommon to find 
processes of ostiio-dentlnc or imperfect boue-Hke ivory, projecting 
in a stabictiti<! form into the interior of the pulp-cavity, apparently 
th(» (Mnisequence ot* the partial infiammation of the vascular pulp. 

The musket-balls and other foreign bodies w^hich arc oecasioii- 
ally found in ivory, are immediately surrounded by osteo-deiitine 
in greater or less (juantity. It has often been a matter t)f wonder 
li(*w such bodies should become completely imbedded in the sub- 
stance of the tusk, sometimes witliout any visible aperture, or bow 
leaden bullets may have become hidged in the solid centre of a 
very large tusk without having been flattened. The explanation 
is as follows A niuskct-ball, aiine<l at the head of an elejjhant, 
may pciiotrale, at //, fig. the thin bony socket and tJie thinner 
ivory j>ai*ietes of the w^idc ( onical pulp-can ity oc'cupying the in- 
serted base of the tusk ; it I he* jirojcictile force bo there spent, 
the ball will gravitate to the vipposite and lower side of the jmlp- 
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cavity, as hulicated in fig. 289, />. The hole a is soon hcakMl and 
filled up by ossification of the j)erioHteuiii of the socket, and of 
the pulp next the thin wall of ivory which has been perforated. 
The ball sinks below the level of this cicatrix, and the presence of 
the foreign body exciting inflammation of the pulp, an irregidar 
course of calcificiation ensues, which results in the deposition 
around the ball of a certain thickness of ostco-dentine. The pulj> 
then resuming its healthy function, coats the surface of the ostco- 
dentine inclosing the ball, together with the rest of the conical 
cavity into which that mass projects, with layers of normal ivory. 

By the continued progress of growth, the ball so inclosed is 
carried forward, in the course indicated by the arrow in fig. 289, 
t(» the middle of tlie solidified exserted part; of the tusk, c. Should 
the ball have penetrated the base of the tusk of a young elephant, 
it may be carried on, by tlie unintcrru])te(l growth and wear of 
the tusk, until that base has become the apex, and be finally ex- 
posed and discharged by the continual abrasion to which the apex 
of the tusk is subje(‘ted. 

Vet none of these phenomena ])rovc the absolute non vascularity 
of the tusk, ])ut only the low degree of its vascularity. Blood 
circulates, slowly no doul)t, through the prolongations of the pul[) 
into tluj minute vascular canals which are coutinued through the 
centn* of tlie ivoiy to the very a[)ex of the tusk: and it is from 
this source that the tine tubular structure i»f the ivory obtains the 
cm'r(S[)onding!y minut(? villi carrying the plasmatic colourless 
Ihiid by which its low vitality is maintained.* 

Tlu^ modification t)f dentine called ‘ ivory/ is characterised 
partly by the minute size of the tubes, which, at their origin from 
the pulp cavity, do not exceed of an inch in diamehn:, in 

theii* close arrangement at ijitorvals scarcely exceeding the breadth 
of a single tube, and, above all, on their strong and almost angular 
gyrations, which are much greater than the secondary curvatures 
of the tubes of ordinary dentine. 

The dentinal tubes of ivory, as they radiate from the pulp-c\avity, 
incline obliquely towards the pointed end of the tusk, and de- 

* I had the tusk and pulp of an clep^‘aut at the Zoological Cardens longitudinally 
divided, soon after the death of that animal in the summer of 1847. Although the 
pulp could be easily detached from the inner surface of the pulj)-cavity, it was not 
without a certain resistance ; and when the edges of a co-adaptcil pulp and tooth wore 
exasuined by a strong lens, the hlarnentary processes from the outer surface of the juilp 
t-otild be seen stretching as they were withdrawn from the dentinal tubes before they 
.broke. 'I'licy are so minute that, to the naked eye, the detached surfuco of the pulp 
s :(*ms to be. entire, and Cuvier was thus deceived in concluding that there was no or- 
ganic connection between the pulp and the ivory. oxx.xix. Kd. 1834, tom. i, p. 535. 
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iicribe two sllglit priinary curves?, the first convex towards that 
end, the second and sliorter one concave: these curves in narrow 
sections from near the open base of tlie tusk dfre almost obscured 
by the strong angular parallel secondary gj^ratiohs. Theitubes 
divide dichotomously, at acute angles, and gradually decrease in 
size as they approach the ]>criphery of the tusk. 

The characteristic appearance of decussating curved striic, witli 
oblique rhomboidal spaces, so couspicuems on transverse sections 
or fractures of ivory, is due to the relraction of light (.‘aiised by 
the parallel secondary gyrations of the tubes above described. 
'J'he strong contour lines observed in longitudinal sections ol‘ 
ivory, parallel with the <*one of the pulp-cavity, and which an^ 
circular and concentric wlieii viewed in transverse slices of the 
tusk, are eoimnoidy caused by strata of minute opaque cellules, 
which are unusually imvncroiis in the inters|)accs of the tube's 
throughout the substance of the ive)ry, aiul by their very great 
abundance and larger size in the peripheral layers of cement. 
The decomposition of the fossil tusks into superimposed couical 
layers takes place along the strata of the opaque cellules, and 
directly across the course of tlie gyrating dentinal tubes. 

liy the minuteness and close arrangenneut oi* the tubes, and 
especially by their strongly undulating secondary curves, a 
tougher and more elastic tissue is produced than results from 
their disposition in ordinary dentine ; and the modification which 
distinguishes ^ ivory ^ is %)ubtless essential to the due degree of 
coherence of so large a mass as the elephant’s tusk, projecting so 
far from the sn]>porting socket; and to be frequently a[)plied in 
dealing hard blows and thrusts. 

§ 222. //omoloffles of Ttfcth.- In IHsb)logy tissues dificr 
according to the kinds and degrees of force which they exercise 
in the living body: some, the nervous and muscular, e.g. are 
‘ active; ’ others, with lower endowments of elasticity, adhesiveness, 
hardness, &o., may be called ‘ passive,’ and the classes of these 
tissnes are less definite and distinct. In considering the hoino- 
logy of a tooth, in reference to its cla.s.s of tissue, our view of it 
must not be restricted to its ordinary conditions in mammalia, 
wlierc a central pulp-canal radiates a single system of dentinal 
tubes like the lacunal tubes from a Haversian canal, but should 
be extended to those less specialised states of tooth in which the 
body of dentine is traversed by several piilp-cauals, cither di- 
chotrjmising, as in tlui molar of Ori/f teropus^ vol. i. p. 369, fig. 
247, or ramifying tlirougliout tl»e dentine, as in the laniariform 
tooth of Lamna (v(»I. i. p. 364, fig. 241). 
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A vascular matrix buds out in the shark from the mcmbraiu; 
covering the jaw, as in the deer from that covering tlie cranium, 
and the blood-vessdls, ramifying through such matrix, convey tlie 
[hosphate of lime which hardens it ; each ultimate ramification 
tliat^ radiates a system of dentinal tubes in the shark’s tooth, cor- 
responds with the same ramification of the artery radiating lacuna I 
tubes in the matrix of the deer’s antler. 

After the tooth of tlie sliark has been worn by the uses t'or 
which it was calcified, it is shed like the antler, and is succeeded 
by another. There is merely a diftercnce in the place of suc- 
cession, the new tooth rising close to, but not, as in the antler, 
directly under, the base of the old. 

But the basis from vvhudi the matrix of both tooth and antler 
grows is homologically the same. In both instances the gum, or 
<‘orium, is pusbe(l out by the growing matrix : in the deer it forms 
tlie^ velvet ’ which peels away from the ossified matrix, i\\ the shai k 
it is hardened into the cnamcl-likc layer covering the matrix. 

These are the dlftereriees that can be predicated in reference to 
the hisPilogical homology of the jiarts in question, and the shaj’k’s 
t<»otli answers to tlie deer’s antler, phis the outer enamel-like 
covering, in mode of devidopmeut, structure, growth, shedding, and 
succession. They correspond, alike, with osseous texture ; and, 
iiiuler a less genus, with tlie parts of the dermo-skeleton. 

But the tooth of a shark is homologous with that of a porpoise ; 
therefore, teeth are referable to the dermo- or entero-skeletal 
parts of the osseous system. 

Desceiuliiig to the special homologies, we find that tlie idea 
of a recoirnitiori of answerable teeth in different animals lias 
[U'cvailed, more or less vaguely, iu Anatomy, from an early period 
(»f the science. 

When ‘incisors,’ ‘canines,’ and ‘molars’ were predicated of 
the dentition in different species, liomologous teeth were re- 
cognised so far as tlie characters of those classes of teeth \vcre 
ilefined and understood. 

The Cuviers ' went a step lurthcr, and distinguished the molar 
teeth into ‘false’ and ‘ true,’ into ‘cariiassial’ anil ‘ tubercular,’ l)e 
Blainville pointed out a particular tooth by the name of ‘ [irincipal,’ 
which he believed himself able to trace from species to species.'^ 

The first step in this inquiry is the elimination of those classes 
of Vartebrata and orders of Mammalia in wdiich homology cannot 
l>e predicated of individual teeth. This limits the work to the 
group of mammals here termed ‘ Diphyodonts.’ 

* cxx". and cxxi". - Tlioline* Blainvilli?’ rims tlirongh that tooth in Hg. 293. 
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Only ill the Mammalian orders with two sets of teeth do those 
organs acquire fixed individual characters, supporting the apjili- 
catioTi of si)ecial denominations ; ami this individualisation of the 
teeth is significative of the high grade of organisation of the 
animals manifesting it. 

Originally, indeed, the name ‘ incisors/ ^ laniaries ’ or ^ canines/ 
‘ molars,’ ‘ tiiberciilars,’ were given to the teeth in Man and 
certain Mammals, as in Reptiles, in reference merely to the shajie 
and oflices so indicated ; l)ut names of teeth can now be used as 
arbitrary signs, in a more fixed and determinate sense. In some 
fV/v//r/;yv/,o.g., the front teeth have tubcreiilate summits, adapted 
for nipping and bruising, while the iwincipal back teeth an; 
sha])ed for cutting, and work upon each other like the blades 
of scissors. The front teeth in tlie Rhqiliant project from the. 
upper jaw in tlie form, size, and dirc(;tion of long pointed horns. 
In short, shape and size arc the least constant of dental cha- 
racters ; and the homologous teeth are determined, like other 
parts, by their relative position, by their connections, and by their 
development. 

Those teeth which arc implanted in tlie premaxillary bones, 
and in tluj corresponding part of the lower jaw, are called ‘in- 
cisors,’ whatever be tiieir shape or size. The tooth in thi; 
maxillary bone, which is situated at, or near to, the suture with 
the premaxillary, is the ‘ canine,’ as is also that tootli in the lower 
jaw which, in opposing it, passes in front o(’ its crown when the 
mouth is closed. Ilie other teeth of the first set are the ‘de- 
ciduous molars ; ’ the teeth which di8])la<*e and sueceed them ver- 
tically are the ‘ preinolars ; ’ the more pnsteri<tr teeth, which are 
not displaced by vertical successors, are the ‘ molars,’ pro})erly so 
called. 

The ])reniohirs must displace deciduous molars in order to rise; 
into place ; the molars are a continuutjon, backward, of tlie pri- 
mary or ‘ milk ’ series. It will be observed in fig. 294 that tlie 
last deciduous molar, d i, has the same relative superiority <*f 
size to d 3 and d 2 which m 3 bears to in 2 and w. i ; and that the 
crowns of p 1 and p 4 arc of n more simple form than those of the 
milk-teeth vvliicli they are to .siuicced: this, however, is not a 
constant character (see fig. 287, //tjrax). Teeth of each of the 
kinds arbitrarily termed ‘Incisors/ ‘ canines,’ ‘ false molars,’ and 
‘ molars,’ bav e received other .'Special names, having reference to 
certain jjcculiarilies of form or other pro)»(;rty. The jirernohirs 
in the human subject liave been called * bicusjiids.’ The last 
upper premolai’ and th<; first true molar in the Carnivora are 
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lenmed ‘ sectorials,’ or ^ molaires carnassifires,’ Teeth of an 
elongated conical form, projecting considerably beyond the rest, 
and of uninten'iipted growtli, are called ‘ tusks ; ’ such, for example, 
are the incisors of the elephant, narwhal, dinotherium, and 
diigong, the canines of the boar, walrus, and hippopotamus. The 
long and large incisors of the rodents have been termed, from 
the shape and structure of their cutting edge, scaljn'iform teeth, 
chisel teeth, ^ dentes se.alprarii.’ The lower incisors of the colugos 
{Caleojjithecus\ with the crown deeply notched like a comb, arc 
termed ‘ dentes pectinati.’ The canines of tlie })abooiis, whicli 
arc deeply grooved in front like the poisondaiigs of some snakes, 
are ‘ dentes canaliculati.’ The compressed crowns of the teeth of 
short-clawed seals {Sten()rht/ncltu.s) and ol* the extinct Zem/lodo/t, 
being divided into points like a saw, arc ‘ dentes serrati,’ &c. But 
a true knowledge of nature, a right ap|>reciation of what is 
essential in her |)hen()mena, tends to explode needless terms of 
art invented for nniinjKrrtant varieties, and to establish those 
names that are the signs of true species of things. 

As most zoologists have adopted the Cnvierian system of 
iionKmclaturc and homology of the teeth in Mammalia, it may 
not be sviperlluous to cx[)hiin what is ohjeetionahle in that 
system. In it the molar series of teeth, or those that follow the 
canines, are divided, according to their form, into three kinds, 
‘ false molars,’ ‘ carnassials,’ and ‘ tubercular molars,’ and the 
generic dental characters of the Mammalia are formulised ac- 
cording to this system. Tims, the germs Fclis lias — ‘ fausses 
niolalres’ 5:;? , ^ carnassieres ’ { : nuberculeiises ’ This 

seems a natural way of expressing the homotypal teeth, or the 
answerable teeth in the upper and lower jaws. But to illustrate 
its error, the subjoined diagram, fig. 293, is afipended, in which 
the dental system of tlie Cat-tribo (^Fells v,) is associated with 
that of other Mammals, and in whicli the line marked ^ Cuvier ’ 
intersects the teeth in each jaw, called ^ cariiassiercs,’ those 
autcivior to them being the teeth called ^ fausses mohures;’ those 
heliiiid — a single tooth in the upper jaw of FeUs — being the 
‘ tnbcrculeuses.’ lii this genus the tooth, p 4, above chiefly plaj vS 
npon the tooth, in i, below, which has a similar sectorial or car- 
nussial modification of form ; they fit, indeed, almost as Cuvier 
describes, like the blades of a pair of scissors. The two teeth in 
advance of the carnassial in the upper jaw, p 3, p 2 , in like manner 
are opposed to the same number of ^ fausses molaircs ’ in the 
under jaw, and the canine, c, above plays upon the canine below: 
VOL. jii. u n 
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all seems fitting aiul sym- 
inctrLcal, save that the little 
tubercular, in i, above has no 
oi)poncnt in the lower jaw. 
And, perhaps, the close clo- 
ser ver might notice that, 
whilst the upper canine, c, 
glides behind its }ioinoty|K> 
below, the first upper fal,s(? 
molar, p 2, passes anterior 
to the crown of the first lals(‘ 
molar, p 3, belo^v’ ; and that 
the second false molar, p n, 
and carnassiab p 4 , of the 
upper jaw are also a little 
in advan.ee of those teeth, 
y> 4 , m 1, in the under jaw, 
when the moutli is shut. 

In passing’ to the denti- 
tion of tlie Dog, ib. iii. 
Cunisy tbnnulised by Cu- 
vier as ^fausses mol ai res 5!? 
carnassich'es tuberculcu- 
sos it will be oh- 

served that here the first 
upper lalse molar, p 1, 
differs from the first, p 2, in 
Fdis^ inasmuch as, when 
the mouth is shut, it i)re- 
serves the same relative 
j>ositioii to Its opponent 
beknv, p 1, in Jii., which 
the upper canine does to tin; 
lower canine, and that the 
same may be said of the 
second and the tliird false 
molars ; but that, with re- 
gard to the carnassial above, 
p 4, this tooth repeats the 
same relative position iu 
regard to the fourth false 


CXxi". p. 95. 
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molar l)ol<»\v, p 4, and not to that l«>otli, in i, which Cuvier repjardotl 
as the lower homotypc of the carnassial ; and, indeed, the more 
backward position of the lower cariiassial is so slight that its 
significance might well be overlooked, more especially as the 
t>N'o succeeding tubercular teeth above were opposed to two 
similar tuberculars below. 

How unimportant size and shape are, and how significant 
relative position is, in the d<itermi nation of the homologies of teeth 
as of other parts, may be learnt before quitting the natural order 
of Ciirnivoni ; e. g. by the condition of the dental system in the 
Hear, ih. ri. Ursiis. Ilere the loner tooth, m i, instead of j>ro- 
senting the earnassial character, and resembling in form tJie 
ujiper tooth, p 4, which is thehomologueof the upper earnassial In 
tlie dog, has a tubercular crown, and corresponds in size as well as 
sliapo with the upper tooth, m i, to wlvich it is almost wholly oj)- 
])osed, and with the same slight advance of position which we 
observe in the lower canine as compared with the upper one, and 
in the four lower prcmolars, p i, /> *2, p 3, 4, as compared with 

their veritable homotypes above. F. Cuvier divides the molar 
series of the g(*mis Urans into * fausses molairos g, carnassiercs * , 
tnijorciilcuses } The tendency in every thinker to gene- 

ralise and to recognise Nature’s harmonics, has led him here to 
use the term ‘ cariiassicre ’ in an arbitrary sense, and to a])ply it to 
a tooth above (ii. //4), which lie owns has siicli a shape and 
<liminished size as would have led him to regard it as merely a 
false molar, hut that the upper earnassial vvoii](f*thcn have en- 
tirely disappeared; and it has also led him to give the name 
‘ carnassierc ’ to a tooth below, m i, which he, nevorthcless, de- 
s< ril)os as having a tuhorciilar and not a trenchant crown. In 
f^o iUitural a grouj) as the true Carninora , it was impossible to 
overlook the liomologiies of tlie trcncliant carnassials of the lion, 
even when they had become tubercular in the omnivorous hear ; 
Juid Cuvier, therefore, having determined and defined the teeth 
^^0 called In the feline genus, felt eompellcd to distinguish them 
hy the same names after they had lost their formal specific cha- 
laeter. And if, indeed, he had succeeded in discovering the 
teeth Avhieh were truly answerable or homotypal in the upiier 
‘’ind lower jaws, the term ‘earnassial’ might have been retjiined 

an arbitrary one for such teeth, and have been applied to their 
lanuolo^uos in Man and other dipliyodonts, whei’c they arc as 
certainly determinable as in those aberrant Carnivores, in Avliieli 
they liave equally lost their sectorial sliape. 

* OXXl". p. 101). 

1) u 2 
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But tlic inconvenience of names indicative of such specialties 
of form will be very obvious when the term ^ tuberculeuses ’ 
comes to be applied to the three hindmost tcctli in the l/t/fmodon 
(fig. 266), which teeth answer to the broad crushing teeth, m i, 
?n 2, and m 3, in the bear and some other existing Carnivora, 
The analogous term ^ molar ’ having a less direct or descriptive 
meaning, is tlierefore so much the better, as the requisite arbitrary 
name of a determinate species of teeth. 

Had Cuvier been guided in his determinations of the teeth by 
their mutual opposition in the closed mouth, and had studied 
them with this view in the Carnivora wdth the dentition most 
nearly approaching to the typical fuimula, viz. the Bear, he could 
then have seen that the three small and inconstant lower pre- 
molars, /> y, p 2, p 3, were the homotypcij of the three small and 
similarly inconstant prcmolars above ; that the fourth false molar, 
p 4 below, which, as he observes, ^ alone lias the normal lorrn/ ^ 
was truly the hoinotyiic of the tooth above, p 4, 'which he found 
liimself compelled to rtyoct from the class of ^ faiisses inolaires,’ 
notwithstanding it presented their normal fonn ; tliat the tulier- 
cular tooth, rn i , which he calls ^ carnassicrc ’ in the lower jaw, 
was the veritable homotypo of his first ^ inolaire tuberculeuse ’ 
above, m i, and that the tooth in the inferior series, wdiich 
had no answerable one above, was bis second ‘ tubercidcusc,’ 
;/2 3, in the present work. The true second tubercular above, 
m 2 , is, however, so much develo|)ed in the Bear as to oppose* 
both m 2 and m 3 in llie lower jaw, and it might seem to include 
the homotypes of both those teeth coalesced. One sees with au 
interest such as only these homological researches could excite, 
that they were distinctly developed in the ancient Amphiryon^ 
fig. 267, which accoidingly presents the tyjiical formula. 

Thus the study of the relative position of the teeth of the Ih^ar 
might have led to the recognition of their real nature and homo- 
logies, and have helped to raise the mask of the extreme formal 
Tno<iifications, by which they arc adapted to the habits of the 
more blood-thirsty Carnivora. But the truth is plainly revealed 
when >ve come to trace the course of development and succession 
of these tcctli. As the question only concerns the molar series, 
the remarks 'will be confined to those teeth. In the jaws of the 
young Bear, fig. 2(33, the first premolar is the only one of the 
|^SiFIXil^e^t series in jdace ; the other grinders in use are the 
. afeeidubus molars, d 2 , d 3 , and rf 4 ; d 2 will be displaced by p a, 
d 3 by p 3, and d. 4 by tlie tooth p 4 , which, notwithstanding its 
■ ' * cxxi". i>. 111. 
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size and shape, Cuvier felt himself (compelled to discard from the 
series of false molars, but which we now see is proved b}^ its 
developmental relations to d 4, as well as by its relative position 
and similarity to p 4 in the lower jaw, fig. 2*J2, rr., Ursus^ to l‘e 
veritably the hist of the prcmolar serii's, and to Jigree not in 
shai)e only, but in every essential cbaracter, with the three pre- 
ceding teeth called by Chivier ‘ fansses molaires.’ So, likewise, in 
the lower jaw, it is seen that the primitive deciduous series, fig. 263, 
d 1, d i, d 3, and d 4, will be disfdaciMl by the corresponding pre- 
niolars, p p p 3, p 4; and that the tooth in i, called car- 
nasslere by (hivier, in the lower jaw, <]ilFers essentially from that, 
p 4, so called in the ui)per jaw, by being developed without any 
vertical ju’cdecessor or deciduous tooth. 

The same hiAV of development and succession jn-evails in the 
genus Cnnis as may be readily seen in the jaws of a dog of ten 
mmitlis' age. Altiioiigh the tooth, m i, ui. fig. 293, in the 
lower jaw lias exchangial the tubercular for the (‘arnassial form, 
it is still <]evelo[)ed, as in the Boar, behind the de('iduous series, 
and independently of any vertieal ])redeeessor, fig. 262, m i ; and 
the tooth, il). p 4, above, altboiigli acquiring a relative superiority of 
size to its lioinologuc in the Bear, and more decidedly a earnassial 
ibi-m, is Jiot the bomotype of the ponnanent cariiassial below, but 
of that jn’emolar, p 4 , which disj>laces the deciduous earuassial, 
d 4. 'fhe symbols in fig. 293, iii., sufficiently iiuli(‘ate the re- 
lations of the other teeth, and the conclusions that are to be 
drawn from them as to their homologies. 

In tlie genus fig. 2()(), the small permanent tubercular 

molar of the up])cr jaw, m i, has cut the gum before d 4 has been 
shed ; but though analogous in lunction, this tooth is not homo- 
logous with, or the jwocedent tooth to in i, but precedes the 
great carnassially modified prcmolar, p 4. In the lower jaw the 
lootli, m 1 , wliii'b is functionally analogous to the earnassial 
above, is also, as in the lV)g, the first of the true molar series, 
and the liomoty|)e of the little tubercular tooth, in above. 
And the liomologues of the permanent teeth, p 4 and m i below, 
fig. 293, V., with those so symhollsc.d in the Dog, ib. Jii., teaclv 
us that the teeth which arc ^vanting in the feline, in order to 
equal the number of those in the canine dentition, arc m 2 in 
the upper jaw, m 2 and m 3 in tlie h»vcr jaw’ ; /> i in the upper 
jaw, p 1 and p 2 in the lower jaw ; tluis illustrating the rule, that , 
when the molar series falls short of the typical number, it is from 
opposite extremes of such series that the teeth are taken, and that 
so much of the scries as is retained is thus i)reservcd unbi’okcn. 
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In tlio grc‘at extinct sabre-toothed Tiger, Machairodua^ fig. 293, 
VII., the v<cries is still further reduced by the loss of p 2, in the 
iij)|H*r jaw. 

Iij the coniinon Cat, the deciduous illei^ors, d /, begin to 
apitear l)otweeu tAvo and three Aveeks old ; tlie canines, d c, next, 
and tlien the molars, d w, hdlow, the whole l>eing in |)lac(‘ 
before the sixth week. After the seventh month they begin 
to fall in the same onler ; but the lower sectorial molar, /;/ 1, 
and Its t!d)creular liomotype above, m 1, appear ))efore d 2, 
d a, and d 4 fall, Tlio h>ngitudinal grooves an? very 1‘aliitlv 
marked in the de(*l(luons canines. The first deeldiious molar, 
;// 2, in ihe nj>per jaw is a very small and simple one-fanged 
toolh : it is sue(?eeded by the eorres[>on(liug tooth of tin* penna- 
iient sei'ies, which answers to the sremid |n'emolar, /> 2, of tin: 
llyania and Dug. dhe second deciduous molar, /;/ a, is tlie 
se(‘tonal tooth; its blade is trilobate, l)nt: both the anteri(»r and 
[josterior smaller lobes ai’e noti.hed, and the intv'rnal tiiberele, 
'vliic*!i j'v; relatively larger than In the ]n‘rmanent seelorial, is 
continued irom thf* l>ase oi‘ the middle loin*, as in the (h'eiduous 
seelorial <.;f the D;sg ainl jlvicna: it thus typific's tlie form 
ol‘ the u[)per secioriaf, whieli is retained in the permanent den- 
tition <d‘ several \’iverrine ami Musteliin* species. The third (w 
interiial fang of tlio deciduous sectorial is coniitmod from the 
inner tubercle, and is oj)]>o<ite tlie interspa‘*c of the two outer 
fangs, Tli(> Musteline ly|»c is furtlier adhered to by the young 
Feline in the large pi‘oj)ortional size oi* its (h'ciduous tiil)ercu!ai* 
tooth, d •]. fn vho hover jaw, tin? first niilk-im)lar, d ;j, is >;uc- 
ceeded by a tooth, p a, whirh answers tv) the third lower pi'c- 
molar in the l)<.»g and Ci\el. The decidiiou- .sectorial, // 4, 
which is succeeded by the premolar, p 4, answering i'» tht? I'ourth 
in the J)og, lias a .smaller proportional anterior lobe, and a 
large)' [losterior talon, Avliich is usually notchi'd; thereby ap- 
pre»a( liing; the Ibrm of tin* permanent: low er seetoriul tooth in the 
J\J ffsft l/(f(l'. 

When the premolars and tlic molars are behuv tlieir ty]>Ical 
number, the absent teetli, as a rule,* are missing Irom the fore- 
pai’t of the [M'emohir series and from tlie back-part of the molar 
.scries. The most constant teeth are the fourth [rreniohir and the 
first true molar; and lhe.-(i being known by their onler and mode 
of development, the homologies of the remaining niolar.s and pre- 
molars are determined bv counting tlie nmlars from before liaek- 

' In fr'omd insUfj^'rs the er'-mt^lar or first rnilk-molar renijiiiis, of hinaV 
2 ajicl p 11 arc lost. 
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wards, c.g. ^ one/ ‘ two/ ^ three' ; and the premolars from behind 
forwartls, ^ four/ " three/ ^ two/ ‘ one.’ 

Examples of the typical diphyodoiit dentition are exc^eptions in 
the actual creation ; but it was the rule in the earlier forms of 
placental Mammalia, whether the teeth were modified for animal 
or vegetable food. 

Not only the Ibjamodon^ fig. 206, and AmpMct/on^ fig. 267, but 
the Dichodon^ Anojdotheriiun^ Pal<p.oth€rium^ Clmropotamus^ An- 
thracotherinm^ llyopotaimis^ Pliolojdins^ lllfrncotheriiim^ and 
many other an(‘ient (eocene and miocenc) tertiary Mammalian 
g(.‘nera presented the forty-four teeth, in numlier and kind ac- 
cording to that Avhich is hero propounded as the typical or normal 
dentition of the placental diphyodonls. When the cine is afforded 
to their homologies, it infallibly conducts to the true knowledge 
of the nature both of the teeth wdiicdi are retained, and of those 
w hich are w^anting to complete the typical number. Thus may 
bp deciphered the much modified dentition of the genus Fells ; 
and the same clue wdll guide to the knowledge of the precise 
homologies of the teeth in our owm species. 

The known limits of the premaxillary in Man leads to the dc- 
tennination of the incisors, wdiich are reduced to tw^o on each side 
of l)oth jaws ; the contiguous tooth shows by its shape as w’^cll as 
position that it is tlio canine ; and the characters of size and 
shape have also served to divide the remaining five teeth in each 
lateral scries into two bicuvspids and three molars. In this in- 
stance the secondary characters conform with the essential ones, 
as e\hil)ited in the dissection of the jaws of a child of about six 
years of age, fig. 258. The two incisors on each side, d /, arc 
followed by a canine, and this by tlmec teeth having crowns 
resembling those of the tlu'ce molar teeth of the adult. In ffict, 
the last of the three is the first of the permanent molars ; it has 
pushed through the gum, like the two molars which are in ad- 
vance of it, without displacing any previous tooth, and the sub- 
stance of the jaw contains no germ of any tooth destined to 
displace it ; it is therefore, by this character of its development, 
a true molar, and the germs of the permanent teeth, which are 
exposed in the substance of tlie jaw between the diverging fangs 
of the molars, d, 3 and d 4 , prove them to be temporary, destined 
to be replaced, and prove also that the teeth about to displace 
them are preinolars. According, therefore, to the rule previously 
laid down, w^e count the pennanent molar in place the first of its 
series, m i, and the adjoining premolar as the last of its series, 
and coiisc(piently the fourth of the typical dentition, 4 . 
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A\^e are thus eiiableil, witli the same scientific certainty as that 
whereby we recognise in the middle toe of our foot the hoinologue 
of that great digit which forms the whole foot, and is encased l)y 
the hoof, in the horse, to point to p 4, or tl)C second bicuspid in 
the upper jaw, and to m i, or the first molar in the lower jaw, o| 
Man, fig. 293, i., as the hornologucs of the great carnassial teeth 
of the Lion, p 4, m i, ib. v. AVe als(» conclude that the teeth whicli 
are wanting in Man to corn[)lete the typical molar scries, are the 
first and second premolars, the homoh>giies of those marked p i 
and p 2 in tlie Bear, ib. ii. The characteristic shortening of the 
maxillary bones recpiired this diinlnuiion of the number of their 
teetli, as well as of their si/e, and of the canines more cs])ecially ; 
and the still greater curtailment of the premaxillary bone is 
attended with a <liminisbed number and an altered position of the 
incisors. 

The homologous teeth being thus determinable, they may he 
severally signified by a symbol as well as by a uainc. The 
incisors, e.g., are represented in the present work by their initial 
letter and individually by an added number, i i, i 2 , and / 
counting from the medial line outwards ; the canines by tlic 
letters; the promolars by the letter />; and the mohirs by the 
letter m ; these also being differentiated by a<ldod numerals. 
Thus, the number of tlicse teeth, on each side of both jaws, in 
any given sj>ecies, Man, c.g., may be expressed by the following 
brief formula : — 


. 2.2 

I.l 2.2 

.2..2 

* 2.2* 

1.1 '^2.2’ 

3,:j 


.‘52 


and the homologies of the individual teeth, in relatii)n to tlic 
typical formula, may be signified by i i, / 2 ; r; p ;> i; m i, m 2 , 
m .3; the smipresscd teeth being i .3, p i, and p 2. 

The soundness of the foregoing conclusions as to the nature of 
tlie teeth absent in the reduced <lental formula of Man, is exeui- 
]>lified l)y the mode in which the 1y])C is progressively resumed in 
descending from Man through the order most nearly allied to our 
own. 

Through a considerable })Mrt of the (^.uaflruinanous series, the 
same number and kiruls of teeth arc jircsent as in Man, the first 
deviation being the sexual disproportionate size of the canines 
and the concomitant break or ‘diastema’ In the dental series for 
the reception of their crowns wlion the mouth is shut. This is 
manifcsted in Gorillas, Chimj)anzees and Orangs, together with 
the .sexual difference in ihc proportions of the canine teeth. Then 
comes tlie added premolar in the JVew AVorld Monkeys, fig. 231, 
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p 2, and the furtlier additions in lower qnadnipcds, until in tlie 
[log gemis wc see tlio old primitive type of dipliyodont dentition 
resumed or retained. 

In the genus Sus, fig. 293 illustrates the phenomena of de- 
velopment which distinguish the premolars from the molars. At 
the stage exemplified the first preniolar,’ p i, and the first molar, 
m 1, are in place and use, together with the three deciduous 
iiKdars, d 2, d a, and d 4 ; the second molar, m 2 , has just begun 
to cut the gum; and ;>4, together with ma, arc more or 

less incomplete and concealed in tlieir closed alveoli. 

The |)rcmolars displacci deciduous molars in order to rise into 


20 t 



aini ii(.nu:iin i:t tn tli iHut-K l.ciwer j:;\v 


place; the molars have no such relations ; it will he observed, 
that the hist deciduous molar, r/4, has the same relative suj)e- 
riority of size to f/a and d '2 which m3 hears to m 2 and m \ ; and 
the ('rowns of*y; a and p i are of a more simi)le form than those of 
the milk-teeth which they arc destined to succeed. 

TInj jncmolars have a more sim|)le structure as well as smaller 
size, than the true molars, in all Artiodactyles. In the Ru- 
minants they re])rescnt only the moiety of the true molars, or 
one of the two semi-cylindrieal lobes of which those teeth consist, 
with, at most, a rudiment of‘thc second lohe. The Pcrissodactyles 
are distinguished by the size and comi)lcxity of more or less of 
the [)rem()lars. In lujuus, p 2 , p a and p 4, even exceed in size 
m I, 1/12 and m3. In Rlunoceros and PaUcotherinm the propor- 
tions of the molars and prcmolars arc reversed ; l)ut the struc- 
ture is tlie same. In Lophiodon^ Catypliodon and Pliolophus the 
[>reinolars become more simplified as avcU as diminlslicd, ap- 

* If this toutb have iu»t displaced a minute milk- molar, it may be reckoned a 1, 
which is longer retained than the rest of the deciduous molars; in this degree ihe 
type-deiitition is departed from. 
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proacliing to a coimnon Ungulate typo. In the Proboscidian 
group, the oldest species indicate retentions of type unknown 
in the dentition of existing Elephants. A prcmolar, fig. 295, 
j) 3, displaces vertically the second deciduous grinder, r/a, in some 
Mastodons : and, that the third molar in the order of appearance, 
rf 4 , is also the last of the deciduous series, is Indicated by the 
contrasted superiority of size of the tootli, m i, that follows. The 
great extent and activity of the processes of dental development 
required for the preparation of the large and complex true molar 
teeth, would seem to exhaust the power in Proboscidians, which, 
in ordinary I’achyderms, is expended in developing the vertical 
successors of tlie deciduous teeth. In the miocene Mastodon 
above cited, this normal exercise of the reproductive force was 
not, however, wholly exhausted : and one j>remolar, fig. 295, p 3 , 
of more simple form than its dcciduons ])redecessor, was de- 
veloped on each side of both jaws. Another mark of adhesion to 
the archetype was shown by the development of two incisors in 
the lower jaw in the young (»f some Mastodons, l)y the retention 

and development of one of these in- 
ferior tusks in the male of the Mas- 
iofltnu/lp(nitri(Si){ Xorth America, and 
by the retention of both in the Eii- 
roj)can Mastodon lonylrostrisj Kaup. 
No trace of these inferior homotyiK s 
of the premaxillary tusks have been 

l^ccldnous 1 , , T • . I /'it 

detected in the tad us or young of tlie 
existing elephants. In the gigantic Dinothvrium^ the upper in- 
cisors were supprcvssed, and the lower incisors were developed into 
huge tusks, which curved down from the symjdiysisof the inassiv(3 
lower jaw. 

The chief modifications of the marsupial dentition have already 
been described and illiistrat(Ml. The o})served phenomena of the 
development and change of the teeth led to the generalisjition 
that the marsupial differed from the ))Iacental Dijihyodont 
mammals in having four true molars, i. c., m instead of 
m ; and also that they differed in having only three pre- 
molars, i. e. p instead of p the typical number of the 
grinding series, being the same; and it was convenient for 
comparison to symbolise them accordingly, in figs. 221-230. 
Since, however, there is reason to conclude that m. i in the pla- 
cental Diphyodonts, as, e. g., figs. 259 and 294, is a continuation 
of the deciduous scries of molars, which might be symbolised as 
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the aseent of p 3 into its place (ib. K). Afterwards m 3 is ac- 
quired ; and in the MacrojniH yujas^ p 3, simultaneously pusluid 
out (ib. f). 

Thus, four individuals of this species may be found to have 
the same number of molars, i. e. two of these individuals 
may seem, on a cursory comparison, to have them of the same 
shape, e. g., as in c and e, or as in i) and f, fig. 296. In fact, to 
determine the identity or difference in such instances, it requires 
that the substance of the jaws be examined, to see if the germs 
of successional teeth are present, as at p 3, c and i>, or at rn 3, E. 
l^'lie result of such examination may be to show tliat not one of 
the four Kangaroos with the m J had the same or homologous 
teeth. 

The four grinders, e. g. may be — d 2, d 3, rZ 4, m i ; as in c ; or 
d 3, d 4, m 1, m 2 ; as in d ; or p 3, d 4, m i, m 2 ; as in E ; or d 4, 
m l, m 2, and rn 3 ; as in F. . 

The changes, however, do not end here. As age advances, 
d 4 is shed, and the molar scries is reduced numerically to the 
condition of n ; but, instead of d 2, d 3, and d 4, it consists of 
m 1, rn 2, rn 3. 

Finally, m i is shed, and the dentition is reduced to the same 
numerical state as at a; the teeth, however, being m 2 and m 3. 

'fhe symbols used, it is hoped, are so jdain and simple as to 
have formed no obstacle to the full and easy comprehension of 
I lie facts explained hy means of them, if these facts, in the 
manifold diversities of Mammalian dentition, were to be de- 
seribed in the ordinary way, by veihal definitions, c. g,, ^ the 
second deciduous molar representing the third in the typical 
dentition,’ instead of r/3, and so on, the description of dental 
development would continue to occui>y much unnecessary space, 
and Avould levy such a tax upon the attention and memory as 
must tend to enfeeble the judgment and impair the power of 
seizing and a|)preciatiug the results of the comparison. 

Kach year’s ex])erlence has strengthened the writer’s convic- 
tion that the rapid and siicccssful progress of the knowledge of 
animal structures, and of the generalisations deducible therefrom, 
will be mainly influenced by the determination of the homology 
of parts and organs, and by the concomitant power of condensing 
the propositions relating to them, and of attaching to them signs 
or symbols equivaleiit to their single substantive names. In the 
writer’s Works, cxl, cxli, cxliv, he has denoted most of the 
bones by simple niunerals. The symbols of the teeth are fewer 
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in number, are easily lunlcrstood and rcmoinbcred, and, if gene- 
rally ado2)tcd, might take the place of names. They would then 
render unnecessary the repetition of phrases, harmonise con- 
flicting synonyms, serve as a universal language, and at the same 
time express the expositor’s meaning in the fewest and clearest 
terms. The entomologist has long found tlie advantage of such 
signs as 2 Jiiid ? , in reference to the sexes of insects, and the* 
like ; and it is hoped that the time is now come when the ana- 
tomist may avail himself of this powerful instrument of thought, 
instruction, and discovery, from which the chemist, the astro- 
nomer, and the geometrician have ol)tained such important 
results. 
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CIIAPTElt XXX. 

ALIMKNTAKY canal and ArJMCNDAGKS OF MAMMALS. 

§ 223. Month . — Fleshy lips form ih(3 main cliariicteristh; of the 
niariunalian moiitli. But they are Mantiiig in the JMonotremes, 
^v^th other significant sliortcoinings of luaminalian excellence. 
Li])S are, here, transitorily nianifesteil, it is true, at the suckling 
jicriod ; but soon degenerate into the pergameneous border of 
the beak in riafyjms^ and are reduced, in Echulna^ to the scarcely 
inovable margin of the small terminal oral orifice of the adult, 
'flic Cetacea show the greatest extremes within the limits of a 
natural group in the development rd' the H[>s. They are barely 
represented in the Porpoise, fig. 21^7, and other Delphinidm by 
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the low, firm, ridge of integument, supported by adipo-fibrous 
tissue with scarce a trace of ‘orbicularis oris’: while in the 
Whale {Baleena) the upper lip falls down like a thick curtain 
some feet in dej)th concealing the baleen, and overlapping the 
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nuiiuUble >vlicii the inoutli is cIoscmI. The side-Avalls of therirumlli 
are not dilatable and contractile so as to vary the capacity of the 
buccal cav ity, like the ‘ cheeks ’ in most other mammals. As a 
rule, in the present class, the mouth is terminal : when not so, a 
rostral ])roduction, analogous to that in Sharks, makes the open- 
ing inferior, in the Tajur, fig. 155. In the Chrysochlore the 
mouth is a small triradiate slit, like that of a leech, on the under 
surface of the muzzle : it has a like inferior position, but is more 
deeply cleft in Shrews, in vvhicli the groove that runs along tlie 
mid-line of the under surface i»f the snout represents tlie thinl 
ray of tlie closed mouth. The remoteness of the mouth from 

the end of tlu' muzzle is in the ratio of 
the length of the latter : consequently, 
among the Shrews, it is greater iu 
those {Petrodromns^ Rlnpu.hocj/on^ lig. 
298) which, Iroin the |>rodMction of the 
snout, have been called ^ Klephaiit 
Mice’: still more so iu the Elephant 
itself, vol. ii. lig. 1G2. 


2‘JS 
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The Ornithorhynchus subsists on aquatic Insects, larvio, mol- 
lusks, and other small Invertebrates which (‘onceal themselves in 
the mud and banks of rivers, and is provided with a mouth 
nearly resoun)ling the Hat and sensitive bill of a mind I i rostral 
bird. The jaw-bones are invested by a smooth coriaceous Integn- 
ment, vol. ii. tig. 199, A, K, a, devoid of hair, I)ut ix'rforated hv 
innumerable minute foramina. At tlie base of the jaws this in- 
tegument is ]m)dueed into a free fold, which overlaps the haii y 
covering of the cranium immediately behind it. The integument 
covering the up|)er mandihle extends beyond thci iiiargins of the 
bone, and forms a tumid, smooth, and highly sensible border; the 
narrower and shorter under jaw is mure closely invested : tin? 
oral or upper surface of the lateral part of the under jaw supports 
a series of about twenty nearly transverse folds, increa>sing in 
breadth as they ajiproaidi the angle ol* tlie jaw; the corresponding 
surface of the upper jaw is smooth. On the outside of the i)os- 
terior jiart of each molar in the lower jaw, is the orifice ol an 
oblong cheek-pouch, fig. 3, F, F, about two inches in length, and 
half an inch in diameter : the pouch is continued backward, and 
i»s lined with a hard dry cuticle. The raised posterior lobe of the 
tongue, fig. 212 ,/, with tlie projecting horny bodies,//, </, can impede 
tlie passage of umnasticated food to the pharynx, and direct it on 
each side into the cheek-pouches ; whence the Ornithorhynclvus 
may transfer its .store at leisure to the molar teeth, and complete 
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its pi'cparation for deglutition. An air-breathing warm-ldooded 
animal, which obtains its food, while submerged, by the capture 
of small a(j[uatic animals, must derive great advantage from the 
structure which enables it to transfer .them quickly to a temporary 
receptacle, whence they may be extracted and masticated while 
the jinimal is floating on the surface or at rest in its burrow. 
The s<»ft ]>alatc is thick, broad, and divided posteriorly into 
three fimbriated lobes. The pharynx is narrow, and is encom- 
passed by two posterior processes of the thyroid cartilage, fig. 212, 
r*, (\ The long tubular mouth in Echidna^ like that in the Ant- 
eaters, is remarkable for its small orifice, tig. 302. The palate is 
armed with six or seven transverse rows of strong, sharp, but 
short retrovertod spines. Tlui tongue is long and slender, as in 
the true Antcators ; its dorsum is broad, flat, callous, and beset 
with hard pa])ilhc, and the insects arc doul)tlcss (!nishcd l)ctweeTi 
those and the palatal spines. ‘ As, however, llu‘ ibod undergoes 
less eoinirnnuti<»ii in the mouth of this Monotremc than jti that 
of the Oruithorhyiiclnis, the pharynx is wider. 

llic jaws of the Marminalia. arc covered by well-developed 
llc‘.sliy ]i[).s ; the ii[)per one is partially cleft In the Kangaroos, as 
in some llodeiits ; the muzzle is clad witli hair in Macropus 
major and a few other s]>ecics; hut in most i\[ars\q)ials it is 
naked, and generally red from the vas(*ularity of the integument, 
'.riie palate is sculptured witli transverse ridges. Those are most 
inmierous in the IJandicoots, being fourteen in the Prrameles 
nanutuy and are slightly curved forwards : the rougliiiess thus 
])ro<luoc<l must aid the tongue in retaining small insects. In a few 
species of Marsupials I have detected cheek-pouches. In the 
Koala lliey are wide and shallo^v, situated one on each side of the 
upper lip; the orifice is opposite the first superior premolar, and 
loads forward above a horizontal fold of the mucous membrane 
which attaches the ujipor lip to the side of the premaxillary 
hone, separating this part of the chcek-pouch from the mouth. 
In the rernmcles hujotis tlierc arc also two small fossaj, one on tlie 
inside of each check, about four lines in diameter, and lined by a 
very distinct white epithelium. The aquatic () 2 :>ossuin { Didelphj/s 
Vapock) has large clieek-poudies, extending far back into the 
mouth, ill which, like the Ornithorhyiiclius, it may stow away 
frosh-watcr insects, Crustacea, &c. The fauces are wide in the 
/oopliagous, but narrow in the entomojduigous and jihytophagous 
^larsupials. The tonsils are represented by a pMr of small glau- 
dular cavities. ‘ 
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In Rodentia the scalpriform incisors are commonly more or 
less exposed In front of the inoutli ; and, as their oflSce is to re- 
duce the food to small bits, the mouth is small. A groove running 
thereto from the nostrils divides the ii])per lip, conspicuously so 
in the species wliieh has suggested for this modification in other 
animals the name ^ hare-lip.’ But in a few llodents, e.g. Mole- 
rats ( Orijvteropus^ Sptdax^ the undivided uj)j)er lip surrounds the 
bases of tlie huge jiair of incisors by a kind of hairy sheath, and IIk^ 
lower lip is similarly modified in relation to the prominent lower 
incisors. The hairy integuinent is continued or reflected within the 
mouth in. some degree in juost liodeuts. In the Paea ( Cmlapnujs) 
it is continued along the iiiside of the cheeks, with an accession of 
glandular follicles; then, losing the hair, it lines a large cavity 
ibnned l>y tlie singular expansion of the zygomatic ]>roeess of tiu‘ 

maxillary and by the malar 
bone. vol. ii. fig. 237, 21 , -jc. 
fSorne Kotlents have diipli- 
calnres of the buccal mem- 
bra, ne, outside the zygomata, 
and capable (►f expansion, 
fur storage and conveyance 
of alimentary substaiieos. 
Fig, 291) >shows these 
• eheek-pouelios ’ in ^/ee///y.s 
hursariHs^ everted and in- 
flated : a more natural view 
of this buccal appendage is given in the dissection, fig, 300, of 
the head of an African pouched rat. In this s])eeies (Snao- 
istomus lapidifruni, Peters) an or i flee at the angle of the nn)uth 
^ leads to tlie poueli, widening from 

, the orbit to the lower border of the 
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mandible, and reaching bac’k as l*ar 
as beneath the ear. In tlie Main- 
stcr ( CV/ccZ/ys) the wi<lc orifice ol 
the poucli is just within the eom- 
niissurc of the short lips : the bag 
itself extends along the side of the 
head to the neck. Tlie orifice has a 
sphincter, and from this there diverge longitudinal fasciculi bach- 
ward over the wall of the cavity, which is also provided with 
fibres from the d^rso-lateral paiinieidiis carnosus : these tending to 
retract the pouch-walls, while the others draw them forward, ami 
both combining to cmjity the pouch. Saccomys and SpermophiU^^ 
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have similar clicek-poiiclics. The roof of the mouth between 
tljc ioeisors and molars is narrow and ridge-like: as it expands 
posteriorly it is commonly beset willi two rows of hard oblirpic 
ridges. In no nuimmalian order is the food so much reduced by 
maslic.ation as in Itodejits, and many of tliem show concomitant 
inodificatloMS of the fauces; such as th(3 constriction of the soft 
])alato in the Capjjborn^ reducing iJie coinnmnicatlon between the 
mouth and pharynx to a small aperture. Jn Cnpromya the U})[)er 
lip Is tlirrowed longitudinally, but ned bifid. On the middle line 
of the j»alate, l)etwc(Mi the imusors and molars, are three distinct 
liurd wliitc tubercles: tbe first, the largest and most prominent, 
is situated al)out half-an-inch bebind tbe incisors; tlie s(,‘Cond, 
which is the smallest (d;‘ the three, is at a distance of three linos 
j’nun tlui Ibrnier; and immediately lM*liinditis the third. On each 
;mle of the first tul>crelc thorc^ is a softer one sitnatod on the 
iunrgins oi‘ tlic upper lip. 

The gape of the luonlli is wide iii insectivorous Ch/rlnythrif, 
S iine ba(s have a modification of the inlegument for an auah)gous 
ojliee to the clieek-i)ou(’lies in a jKirt of tlie body remote from 
ihe inoutli : the skin (‘xtended from tbe hiud logs to tlie incurved 
tail (iiilerfenioi’al inemlirane) forms a l)ag into whh'h Hies are 
licaten, inclosed, and stored, 'fho i'rngivorons kinds liave not 
(Ills striicturo. 

In jSi/ctarls two eonv(‘rging ridges of the low(‘r lip inclose, a 
f riangnlar pi’onnneiicc of the upper Ii[». In Of.oops the upper lip is 
transversely grooveok In Avcii/inh is depondenl. Tin* palate is 
l!•ans^ ersiily ri<lgcd, the hinder ones usually dividc'd by a medial 
eh (t. The tongue can be protrudoil tlir in Clivirf>}>tfvn ; a)id, wlien 
relraet(!d, us;;ally shows transverse ( J/fO*///e(<yM) or ol)lifiuc foldings 
ol tlie dorsum: the minuteness or ahsoiiee of Incisors permits 
]irotru.^ion even when the molars are in a ?4atoor ajjposition. l.iats 
nsetlu^ tongue in lapjiing; also in licking olf the juice of fruits, as 
e.g. in the tropical Phjjlhnn/rh'ns. The tip o(*tIie tongue is s]>lnvdose 
ni Wihfopotna, In tlie Vampire [JhsnHKlifSy Plu/l/ostonta) the ter- 
nfnial jiajiilhe resemble wart-like elevations, so arranged as to 
lonn a (‘ircular suctorial disk when they are lirouglit into lateral 
vontact by the action of a set of muscular fibres thereto adai^ted. 
'"^onic bats {Saccoltuwus) have a gular pouch: in Alolossifs this 
-oeins to be sexual, and is peculiar to the male. 

In tlie order lirutay (lie mouth is remarkably short in the Slotlis, 
nnd attains its maximum of length and narro\\mcss in tin' Ant- 
' ivters in which it seems to be mainly a sheath (‘or the retracted 
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tongue. The buccal orifice, fig. 9, is little wider than is needed 
for the proti'iisilc and retractile movements of that slender organ, 
so singularly modified for the prehension of tlic Termites which 
Ibrin the staple food of the so-called ^anteaters.’ The tongue 
in MyrmecophiUfa juhata^ ib. is covered l)y a smooth shining 
epithelium, which begins to present a softer, more vascular 
or mucous character fourteen inches from the apex, but the 
only papilhc anywhere visible are two fossulate ones, two lines 
apart, situated on the dorsum, about two inches in sidvancc of 
the termination of tlie franium. A linear groove, commenc- 
ing two inches from the base of the tongue, extends along the 
dorsuin to within four inches of the a[)cx. The muscular suh- 
stance of the free part of the tongue is formed by tbe intrinsic 
fibres, or ^ linguales,’ and by the lingual })ortions of tlic stcino- 
glossi, genio-glossi, ami epibyo-glossi (p. 23). The buccal mem- 
brane is smooth, perforated at its lateral and inferior parts, ami 
also superiorly beyond the liony palate, by iummicrablc very 
minute orifices, from a ([iiarter of a line to one line apaii, ))y 
which the secrctiou of a thin glandular stratum behind the mem- 
brane enters the mouth. Four inches in advance of the angle* of 
the jaw, near the lower border of the ramus, a longitudinal ridge 
or low fold of the bu(*cal membrane begins to rise, increasing in 
depth and assuming a callous hardness as it extends forward and 
upward ; this ridge is about two lines in l)roadth, and bonds down 
so as to leave a groove between it and the lower membram^ 
of the mouth. IiitrodiK^ed termites may be crushed by the actn)n 
of the tongue against these tw^o callous ridges, which seem to 
occupy the jdace of teeth on each side of the mouth. In the 
two-toed Anteater they take the form of a horny molar j)late on 
each side of both jaws. 'The cavity of the mouth (|uickly expands 
as it passes backward, and ac(iuircs its greatest breadth op}>osite 
the base of the tongue, ib. (j^(fy having there, in MyrrmcopiKUfa 
juhata^ a diameter of from four to five inches. Tlie tliiii mem- 
brane, over which the diverging fasciculi of the stcrno-glossi ami 
hyo-glossi spread, is capable <»f considerable dilatation : it serves 
as a slieath for tlic spirally retracted tongue, and may also lbrn» 
a temporary receptacle for the Termites, there blended Avith the 
more alkaline and solvent salivary secretion of the parotids, 
after being pounded by the tongue .against the callous ridges, 
before they are finally SAvalloAved : the singular backward ex- 
tension of the fauces and nasal passages appears to relate, in 
j)art,to the presence and function of this receptacle. The buccal 
cavity gradually contracts beyond the receptacle to the hyoid 
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bone, immediately in advance of winch, nineteen inches from the 
aperture of the mouth, are situated the tonsils, each tonsil beinj^ 
an oval jiatch of a thin layer of miico-glandnlar substance witli 
a finely reticulate surface. Behind the tonsils, and between them 
and the basi-hyal, a pouch of the gular membrane, fig. 9, s, descends 
between the cpi-hyals ; it is one inch and a half in depth, by one 
inch in width. The posterior margin of the soft palate terminates 
by a low angular projection, like the rudiment of a uvula, opposite 
the base of the epiglottis. F rom the sides of this uvula the mem- 
brane arches backward, and gradually subsides upon the beginning 
of the ecsophagus. The whole length of the nasal passages is 
t\v(‘nty-two inches in the full-grown Ahfr,juhtttfu The first inch is 
surrounded by tlie cartilaginous part of tlu* nose: the next thirteen 
inches is inclosed by bone : the last eight inches of the canal has 
mnsciilo-mcmbranons w alls, and is an enormously developed homo- 
logue of the ‘palatum mollc’ iu Alan. '^I'he canal of the posterior 
narcs is c()ntinue<l far back beyond the base of the skull, and the 
hoinologucs of the ‘constrictor pharyngis’ act upon this canal before 
thov eml)racc tlic proper pharynx. TJiey consist of several distinct 
niiiscb's, 'fhe most anterior oruj {^ci'rato-phfnynf/<'Uft) comes ofi* from 
an extent of more tluni an inch of the middle part of the cerato-hyal. 
It is a thin, lu’oad layer, the rasciciili of which diverge to spread 
n])on the sides of the postcranial continuation of the nasal passage, 
interlacing with the c()nstrict<»r fibres wdiich spread over the back 
pjirt oF that ])assage. '^^Fhe second muscle {('pi-phrirf/mjieus) has a 
thicker origin, of ten lines in extent, from the hack part of the 
inner end of the cerato-hyal, and Jrom the joint l>etw"een this and 
tl)e cpi-hyal. I'hc fasciculi diverge and spread over the sides of 
the posterior ])art of tlie soft nasal canal, partly overlapping the 
preceding imisclc anteriorly, and being themselves slightly over- 
la])ped by the next portion behind. The third constrictor (/n/n- 
pharynf/eus) has an origin three lines in extent from the thyro-hyal 
and contiguous part of the basi-hyal : the fibres diverge upon the 
sides of the end of the nasal canal and the beginning of the 
])harynx, the anterior fil)res overlapping and tlion blending with 
the posterior fibres of the |)rcceding muscle. The fourth con- 
strictor (fhf/ro^phf/n//ff/pus) (roinos off from the outer margin of the 
thyroid cartilage, having an origin of nine lines in extent. The 
fibres pass transversely round the pharynx, partially overlapping 
the preceding muscle, and slightly expanding at the back of the 
pharynx. The posterior continuation of this {portion, which 
might he regarded as a fifth muscle {cnco-pharyiippus)^ arises from 
the posterior and outer prolongation of the cricoid, behind the 
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three upper riiig.s of the trachea. The retractor is a 

slender loiigitiidinal niuselc, arisiuj!: from a fascia connected with 
the oi-iuin of tlic scalenus, runs along the outer side of a long 
slender gland, and then passes forNvanl to the outer side of the 
crico-i>haryngeus, wdiore it bends backward, slightly expands, ami 
api)ears to blend with the contiguous fibres of the crico- and 
tlu/rn^ j)Itari/iif/cf, In the Armadillo (Dast/jms Q^chtrtns) tlu' 
epiglottis projects through the arch of the soft palate, in the 
middle of which there is a thickened part like a riurnneni;il 
uvula. 

Tlie month i^ rcmarkal)le for Its small relative size in the Mana- 
tee. In a s])eeiinen with a head eigliteen inches long and ilfteeit 
inches deo]>, the oral opening w*as only three inches from angle to 
angle. The anterior Umler of the premax illaries, covered by ;i 
eallons gum, projects benoatli the thick upper lip, arul the Ijorn- 
elad symphysis of tlie maudilde makes a similar projection aliovt* 
the under lip. 

The mouth is relativ<dy small in tlie IClcphani ; the under lip 
alone Is fr<H‘, and is produe<M.l into a pointeil Ibnn : tlu’ upper !lp 
blends witli the ni.).se, and is, tlna’ewitlK produced into the n - 
markal)le pindienslle ajjpendage characteristic of tlie ]>rol)oscidi;m 
order. As it chiolly ministers to the month, conveying thereto 
the aliment, it w ill be deseribod in the present section. 

The proboscis of the Ihll-gj’riwn Klephant forms an el»)ngaled 
cone of four or live feet in length, gi’adiially tapering iVom tin* 
root towards tlx? point, which is terminated by a kl)xl of tlmml»- 
like aj>|Kndage which is endowctl with exquisite* sensibility, s») as 
to be useful in pi(d\ing up the smallest objects. It is ]>erl‘oratcd 
Icngtbwise, ])y a <Ionl)le tula?, Ibnued l>y a strong tcmlinons mem- 
brane, Iul)ri<!aled by the secretion of innnmeralde nmcons eryids. 
Tlie menil)ra]XMis tubes arc continued upward as far as the bony 
nostrils; but, a little before their jiinetlou with the latter, ibev 
form two curves, tlie nasal ])assages l)eing closed at this point by 
a cartilaginous elasth? valve, which may bo opened at the will oi 
the animal, but closes l)y its own elasticity wbeii the nniscles 
which opejj it cease to act. The interval between the membranous 
tubes and tlx; skin of tlx? j)ro))oscis is filled up with a thick layer 
of muscular substance coini>osed of sevei’al sets of fibres, and Avitli 
sclerous tissiu?. 

The nasal passages may lx- oljsorved to lx? not in the centre ot 
the trunk, but nearm- tlie ant(?rior surface: tbe muscles before 
them pa.ss in a radiating dii*(iction to the einrumfcrcnce of 
proboscis; those which art? immediately behind tlie nasal passages 
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are disposed in a straiglit line from side to side; external and 
juKstcrior to these again the mnsciilav fibres resume the radiated 
course. The second series of muscles tend to diminish, but can- 
not close, the areie of the nasal passages; the first and third series 
contract the diameter of the trunk without affecting that of the 
canals. All the muscles are distinct, and terminate at both ex- 
treiniti(3S in slender tendons : they arc imbedded in a cellular 
texture occupied l)y a wliitc bomogeueous sid>stanee. 

The other miisehjs of the proboscis are disposed longitudinally, 
in a multitude of fasciculi, dispersed in short curves, so that the 
two oxtremities of each fasciculus are implauted into the mem- 
branous tubes, while the convexity of the arch is adbereut to th (3 
external ajanieiirosis. These fasciculi surround the whole trunk, 
tliroiighout its length ; their effect being to shorten it from end 
to end or in any part, and by ])artial contractions, on ouc side or 
the other, to bend tlie trunk in any direction. The longitudinal 
fasciculi arc derivations from four great mus(*lo.s, wliicb, tliougli 
almost blendeil together in tlic trunk itself, liave distinct origins. 
t)f these the two anterior arise from the whole broadtli of the 
frontal bone above the ossa nasi, while the two lateral muscles 
take. th(*ir origins from tiu3 superior maxillary bones beneatli and 
in fnmt of’ the orlut, answering to tliosc in tlic Tajvir, fig. loo, a. 
The posterior surface of the basal part of the prol^oscis is supplied 
with fibres wliicli seem to be continuations of a muscle answering 
to tlie arhicularix oriii of the Ta})lr, ib. ^/, and wliicb run 
oblirjuely downward and inward so as L) moot tlieir fellows from 
the opposite side at an aeute angle. With such a structure it is 
evident that the nasal prolongation of tlie proboscidian Pacliy- 
<h‘rins is able* to move in every needful dircctlou, and perform all 
the duties of a lithe and tlexiblc arm. 

In the Morse, tlio callous roof of the month is disposed into 
about sixteen curved ridges, with tlieir convexities forward. 
Many mucous crypts perforate tbo memlirano, above which, as in 
other Ungulates, is a romarkahlc jilexns of veins and nerves. The 
])haryiix is capacious and eoimiiuiilcates with the pair of large sac- 
eiili at the ends of the oiistaclilan tubes. The muscle wliicb repre- 
sents the middle consiriefor descends from the pterygoid and palate 
l)ones, along the sides of the [»harynx, around which the fibres wind 
obli(juely, uniting in the middle line upon its posterior surface, 
where they form a thick muscular layer. The inj^erior covstrlctor 
is equally broad and strong, its fleshy fibres taking nearly the 
same direction as they proceed towards the hack of tlu? jiliarynx, 
where they join by a median raphe. In addition to the above, 
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there is a crico-phari/ngens^ arising from the post erior and inferior 
margin of the criooid cartilage, nheiioc its fll>res extend obliquely 
upAvards ahnig the sides of the pharynx. The hoinologuc of the 
stylo'-pharijrtgeus is a cylindrical muscle, arising from the stylo- 
hyal, and, running from behind forAvard upon tlie sides and up])er 
part of the pharynx, mixing its fibres Avitli those of the su])erior 
constructor: its action is to raise the comincneement of the 
])harA ngeal sac, Avhich it at the same time dilates and draAAS back- 
Avard. "fhere is likewise a small muscle derived from the 
middle part of the stylo-hval, the fibres of Avhich run backward 
and iuAvard, so as to meet those of tlic muscle last mentioned. 
Lastly, there are two other muscles, the fibres of Avliieh take a 
longitudinal direction. One of these, the jfhnrgvgcus proprlus^ 
arises from the tendinous middle line that extends from beloAv 
the insertion of the stylo-pharyngei, and is prolonged doAviiAvard 
along the [)osterior and lateral Avails of the irsophagus : the 
other, the argtf iin-pJutrj/ngcifs^ is a Ksmall muscular band proceed- 
ing from the back j)art of each arybnioid cartilage, and lainning 
down the front of the (esophagus towards the stomach. 

The mouth (d* the Ilog-trihe is served by the uprooting modi- 
fication of the npp(ir lij) and nose, forming the ‘snout.’ The 


pahit(j is ridg(?d. In the Babyroiissa Vrolik^ ibuiid a small pouch 
at the l)Mck ])art of the (Manmencement of the (esophagus: a pair 
of air-sacs continued from the {)Ostcrior nostrils cominunIcat(‘ 
;)(,! Avith the hack part of the jdiarynx. 



The inoutli of tlic Jtuminants is cliicflv ro- 
markahlc for the callous pad covering the 
cdcntidous borders of the ])rcmaxillaries, and 
for the nnmhcr of Iiard, commonly retroverted 
j)apill;e, (Icvckqu^l fnan extensive tracts of tlie 
buccal membrane : those on the inside of the 
lower lip arc large and pointed ; interspersed 
Avith gronj)s oi* imicoiis follich^s. Along the 
roof of the mouth they arc flattened, and dis- 
j)osed in parallel transverse rows Avith rotro- 
verted denticulate margins: the papillie usually 
attain their greatest size inside the cheeks, 
(»pposite the masticating line of the molars. 
In tlic Camel they arc aggregated and ob- 
tuse, fig. *301. In the Giraffe lliey are closc- 


Kset, strong, retroverted, pointed, some of thorn half-an-inch in 


length, and giving off‘ secioudary papillaj. In the act of riunb 


( MV. |i, .‘il, pi. iii. 


MOUTH OF MAMMALS. 


393 


nation the regurgitated bolus is driven into tlie mouth AvitJi 
great force ; and the use of these papilla; as mechanical obsta- 
cles to its escape, and their tendency to confine the soft slimy 
comminuted vegetable substances to the molar region during the 
second mastication, appear to be offices of sufficient importance to 
found uj)on their presence an argument of adaptation. Neither 
the Hog nor the Ilorse have such buccal pajnllie ; but the front 
])art of the mouth is closed by teeth both above and hcIoAV, and 
the food is not regurgitated for the purpose of undergoing a 
lengthened remastication. 

The mouth of the Camel seems formed to save for the animal 
every drop of the fluid excretions of the nose : a channel leads 
from each nostril to the mid-fissure dividing the upper li]>, which 
is (M)ntinued down into the mouth. In the non-division and ex- 
tensibility of the hair-clad npper lip, the Giraffe resembles the 
bilk, hut differs widely from that and every other ruminant in the 
elegant ta])cring form of the muzzle. 

The Oiraftb possesses great extensibility, flexibility, and ex- 
traordinary cominand and power over the movements of its 
tongue, fig. 144 ; its muscles are in number and kind as in other 
liimiinants. The [)rincipal difference obtains in the greater ex- 
tent of the organ, anterior to the insertion of f/enio-ylossus ; and 
ns tills free and active part consists entir(‘ly of a firm muscular 
tissue, invested l)y a thin hut dense and very closely adhering 
inlogmnent, th(‘re is a corresponding increase in the bulk of the 
intrinsic as compared with those of the extrinsi(; muscles. Of 
those the sti/loHjlonsi^ which are the principal retractors of the 
free anterior jiart of the tongue, are relatively stronger than in 
other Kuminants: they arise by a tendon from near the lower 
extremity of the stylo-hyal, and run forward, below the lateral 
margins of the tongue, to which they are braced by a thin sheet 
of filires, descending obliquely forward from the sides of the 
UiHjuaUs to the upper margin of the atylo-f/Iossi, The Ihiffunlis 
hfv.rlnr is a broad thin sheet of muscular fibres which comes ofl- 
from the condensed cellular tissue at the under part of the root 
of the tongue and runs forward parallel with the fibres of the 
with which it becomes blended anterior to the h/o^ 
fjhmi ; these accessory fibres cross the inner surface of the hyo- 
yhmuH inuscle, which is thus inclosed between the two layers of 
longitudinal retractors. The arteries and veins of the tongue of 
tlie Giraffe are not connected with a reservoir of blood, or with 
any erectile tissue, as has been alleged.* The movements of the 

^ cxiv*. p. 85. 



394 


ANATOMY OF VERTEBRATES. 


tongue arc due to muscular action. Any pliysiologist wlio lias 
felt the firm but regulated grasj) of tlie tongue of the Giralle, 
Avheii twined round tlic finger, must have recognised the difference 
of the action from tlie fitful force arising from vascular orercctil(> 
injection. The muscular fibres in the free and flexible part of the 
tongue j^rcsent an arrangement adequate to all its movements. 
The sti/hi-ffiossi and inferior Ungnalvs expand into a layer of 
longitudinal fibres, about a line in thickness, covering the wlioh‘ 
of the infcri<u’ surface of the free portion of the tongue, and 
becoming continuous at the sides, with a corresponding bnl 
thicker stratum of longitudinal fibres on the upper surface of the 
tongue; these longitudinal muscles iiudose a mass of fibres, 
which run in the transverse direction. The action of the trans- 
verse, combined with that of several short vertical, fibres near the 
margins, and of those forming tlic thin circular stratum siir- 
rouudiug tlie stglo-gloi^sl at the middle part f)f the tongue, serves 
to atteuuatc or diminish the transverse diameter of tlic tongue 
and increase its lengtii; while thus l igidly extended the apex oi' 
the tongue can be (uirved upward or downward by tbe snperfieial 
longitudinal fibres, wbicli are less intermingled with tbe trans- 
verse fibres tlian in tbe tnngnes of most other Mammals: the 
coiiti’action of the longitmlinal fibres taking place with the re- 
laxation of the transverse ones produces the retraciion of tliv^ 
whole organ. The nerves of the tongue jiresent the same dis- 
jiositlon as those in ordinary Knminants, l>ut the ninth pair is 
relatively larger than the branch from tlie fillli pair; the nerv<‘ 
which runs along the inner or und<w snilace of the 
toward the IVee oxtrmnity of tlie tongue is remarkMl)lc; for its 
beautifully wavy course, liy Avbicli it is accommodated to the 
variations which <iccur in the length of the organ in the living 
animal. 

Tlie back of tlie moutli ap|)oars to bo as comjdetely closed in 
the Giraffe as in the Capybara; but, instead of contracting, like 
a funnel, to a small circular depression, it terminates by a 
transverse slit, tlirough wliicli projc'cts the broad ujiper margin ol 
tbe epiglottis, which is foldcil upon itself. The faucial memhranc 
is coarsely corrugated.* The velum ]>alati descends to the inter- 
space between the epiglottis and the large arytenoid cartilages; 
and there is an uvular process from the middle of the inferior 
margin. The tonsils are well-developed glands of a flattened 
oyal form, having each a sliort duct eommunicating l>y one wide 
opening with the fauces. 

vu'. j.l. xlii, 3; 
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Tlie back of the nioiilli, in lluminantB, prcseiita its chief modi- 
ficjitions in the Camel-tribe. A broad pendulous fla[) hangs down 
IVom the fore part: of the sol’t palate and usually rests upon the dor- 
sum of the toiigiio. "riic velum palati extciids beyond this process, 
some way down tlic pharynx and terminates by a concave border. 
The pliarynx behind the velum dilates into a sac. In the rutting 
male the jialatal llaj) is greatly mdarged. I have found it extend- 
ing ten inches down the pharynx, j)assing liehnv the margin of the 
soft palate and the opening <»f the larynx, into the (esophagus : in 
the living animal it is, at this season, occ^asionally protruded, wdtli 
a belching noise, from the mouth. Its surfaeci shows the pores of 
innumerable miu'ous Crypts, and in the ordinary state, in both 
sexes, the Hap may apjjly its own secretion, and Avater regur- 
gitated fi’om the storage-cells of the stomach, to the extended 
snrfaeo of the pharynx and root of the tongue, so as to allay the 
fec'ling of thirst and liel|> the animal to endure the long remis- 
sions of drinking to which it is liable in tra\ersing the desert. 

The month in Hdnnrortt. is (‘baractorised by the width of its 
gM|U‘, and the mobility, dihitability, and (:‘oritractiIit:v of its mus- 
cular !uul membranous walls. Clie(»k-]>ouclies have ncAt l)oen 
found in any speci<'S. Tlic gi’cat extent of famdal membrane 
l)('lw(‘eu the back of tin.* tongue and the larynx, ivith the coex- 
tensive soft |)alate in the Lion and stune other large Felines, 
lias been adverted to (p. also the retroverted spines, and 

the lytta of the toiigm* In connoedion with the work of the mouth, 
in certain Cuntironu In tint llyania ihc tonsils are relatively 
larger than in the Lion, Tlie palaval gum is transversely ridged 
in most Cfnyrirord, The provision for the lubricating mueus at 
tin* back of the mouth and fauces is mu(‘h less in the jmcscnt than 
111 the hool'ed group of Mammals. 

In Qundrnmund tln^ Crrropif/ircly Mdcavi, and Ct/ruwvphdH 
have (*he(*k-|)()nchos, the slit-like orifices of which are a little 
williin the labial commissure; the cavity extends outside and 
hehnv the mandil.uilar rami, where it is occaisionally seen mueli 
distended with food. The Sinnuopitlieri and Colohi^ romarkalile 
b*r their large sacenlated sUnmudis, liavo not such cheek-])ouches : 
they arc Avanting also in Lrmiiridcc^ IHafprluncs^ ainl tailless 

'fho LrmurhUr have tlie palatal gum ridged. In the Aye-aye' 
there arc three curved transverse ridges anteriorly, convex for- 
Avard, followed by four transverse ])airs of similar ridges. In 
other Lernnrklrr the palatal ridges are similarly cur\ed, but 
' eii'. \\ 11, 1']. \ii, n^. 0. 
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usually undivided, from five to eight or Tiinc {Galago) 

in number : between the two anterior ridges are the orifices of 
canals leading from the palate to the nose. 

The uvula is represented in the Aye-aye and some other Zr- 
murid(e by a medial longitudinal fold from the back of the soft 
palate close to the margin, but does not project so as to divide 
the fauces into two arches : this form of soft palate begins to 
appear in Platyrhines : in the Baboons the uvula is thick and 
short : in the Apes it approaches nearer the proportions of that 
appendage in ]\Ian, 

In the higher Quadrumana the palate is smooth, or unridged, 
as in Man. 

§ 224. Salivarg Ghnuh. — Fluids of dilforent properties arc 
poured into the mouth in aid of its various functions of receiv- 
ing, retaining, comminuting, softening or dissolving, tasting, aii<l 
transmitting throatward, the food. For the preparation of these 
fluids corresponding modifications ofglarKlular parts exist, from the 
simple mucous follicle to aggregates of tlirec or of more complex 
follicles, with further multiplication and compa(!tion of secerning 
siiifaces, in groups and bodies, funning glands and ducts Avitli 
definite names. 

As the function of the inoutli is simplified so is the condition 
of such ministering glands. In the piscivorous Cefarea, which 
bolt their food like fishes, the jiarotids and submaxillarios are 
not present : the latter are represented with the siiblinguals, in 
a diffused form in whalebone whales. The parotids are large in 
Sirenia;^ their ducts open in the Manatee on two papilhe, one on 
each side the fore j)art of the palate : in the Dugong the parotids 
arc situated immediately behind the ascemding mandibular rami : 
there is a thi(!k layer of mucous glands above the mcmbraiio 
covering the hard palate. 

In the Ornithorhynclms the parotid, fig. 3, E, is divided into 
flat portions or lobes tlnnly applied to the fundus of the cheek- 
poucli and anterior to the long meatus auditorius. The sub- 
maxillary, il). 1), is a mo<leratcly-sizcd, oval, comj)act l)ody, situ- 
ated behind and lielow the meatus auditorius. The duct j)a.sscs 
under tlie omo-mylo-hyoidcus, ib. lo, and then, contrary to the 
usual mode, begins to be disposed in a scries of about twelve 
close transverse folds, and terminates by a simple aperture at the 
fnxmum liugua3. In the Echidna the snbmaxillary gland, fig. 302, 
ft, is of unusual diuiensions: it extends from the meatus aucli- 


* cxA'ii". 29. 









6ul)inaxillary glands, Echidna eelosa; iiat. size. 


Has reached the interspace of the lower jaw, it dilates, and then 
divides into eight or ten undulating branches, which subdivide 
and ultimately terminate by numerous orifices upon the mem- 
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branous flooi* of the mouth. Tina modification of ‘ Wharton’s 
duet ’ appears to be unique. The large size of the glands and 
tlic mode in which the secretion is spread over the floor of the 
mouth relatt^ to the lubrification of the long, slender, and exten- 
sible tongue, and to its fitness as an instrument for obtaining the 
insect food of the spiny IMonotreme. 

Tlie salivary glands in the carnivorous Dasyuros consist of a 
small parotid and a large submaxillary gland on eacli side. They 
do not agree with tlie dogs in having the zygomatic glands. The 
snbmaxillary is j)laco(l in I rent of the neck, so that its duct passes 
on the dermal side of the tendon of tlie biventer jiiaxilhe, ;uid 
terminates half an inch from the symphysis menti. There is 
a thick row of labial glands along the loAver lij). Opossnvns 

and Bandicoots |)rcscnt a similar salivary systent. In tlie 
lanyisia lut/fiina there is a sublingual gland on oa<‘Ii side of a linn 
texture, :d)Oiit one ineb in length and three lines broad: a 
roundish sul)inaNilIarv glam! ai)oiit l!ie size ol‘a hazel-mit; and a 
broad and flat i>ar(«tid, larger than in tliC enloniophagous or sa\’- 
eopliagons ]\rarsii[)ials. The pa.rolid glands arc relatively largi i’ 
in tlie Koala, in which ll)e duct takes the usual e(nn’sc over tiie 
massetcr and enters tlte month opj>osilc the (bird true molin', 
counting backwards. In the \Vonil)at I found tluj parotid gland- 
very thin, situated n])on both the luiter and iniKu* si<Ie of tiu' 
broad ])osterit)r portion of the h>wer jaw; the duet |>assed directly 
ii])wards and outwards to the insertion of the .sterno-cleid(j-inas- 
tijidons ; here if was biiruid in the cellular sidjstaneo aiitei*i<»r (<» 
that muscle, then turncfl over llie ramus t)f the jaw, and, ]>ni*- 
suing a somewhat tortuous course over the ma.sset(*r, entered the 
month just anterior to the (‘dge of the buccinator. The sul)- 
maxiilary glands were each ab<»ut tlic size of a walnut; tlieir 
tliicts terminated as usual on each side of the framnm lingua?. In 
the great Kangaroo the parotid is very large, extending from 
below the auditory meatus tliree or four inches down the neck : 
in the Pidoroos it reaches as far as the clavicle. In both gaaiera 
this gland is sejiarated from the siibmaxillary gland by^ the sub- 
maxillary vein. The sulilingnal glands are elongate, Imt of mO" 
dej*ate sf/c. The tonsils are small in all the Marsn|)ials, but are 
not refiresented in the carnivorous species, as in the placental 
Fcne, by s’lnjile glandular jiouches at the sides of tlie fauces ; iov 
example, they consist of an oblong glandular body on each side 
in the Dastjurm waamrus. 

In Eodents, as in Marsiqiials, tlic proportions of tlie parotid and 
submaxillary differ according to the nature of the food. In the 
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omTiivorous rats with ferine tendencies, tlie submaxillaries are 
in excess : in most other liodents which subsist mainly or ex- 
clusively on vegetable products the ])arotids are the largest. They 
arc enormous in the Beaver, extending from before the ears 
forward and downward to contact with the submaxillaries, which 
arc about one-twentieth their size ; the whole forming a sort of 
glandular collar : the buccal glands arc numerous. In Lqjoridat 
tlie parotids partly inclose the base of the car-conch and also 
(lesccnd to meet the submaxillaries : tlie parotid duct ci’osses 
llnf upper part of the masseter and terminates 0])positc tlie last 
ui)i»er molar tooth. The submaxillary diurt terminates at the 
fside of the frccnum lingua): the submaxillaries are thin and 
long: tlie chief maSvS of the molar follicles is nenr the upper 
molars. The ftubmaxilhiry glands arc almost as large as the 
parotids in the I^iea {Cadoffnafs)'. both glands arc large: the 
ialter present a eompact reddish tissue, ‘^rhere is also a large 
/ygomatic salivary gland, which exists, of snudlei* relative di- 
mensions, ill the (.ruinea-])ig lii the Hamster the 

parotids are elongate, ijarrow, and ap[>lie(l, as in tlie Oniitho- 
rhynchus, to the back of the cheeh-poiiclies : there is also an" 
accessory lobe, beneath the masseter. The submaxillaries arc 
large, round, and of a ro<idish colour, Tlie siiblinguals are small, 
suhglobular. In Jhithytjrfjus the salivary glands are smaller tliaii 
in most other liodents. 

Amongst luscctivora the hedgehog is remarkable for a 7.ygo- 
malic gland which seems to he a development of tlie humologuc 
of the ^ molar ’ glands in Mursiiinals. The jiarotids are larger 
than the submaxillaries; but both are \vell-develoi)ed. The sub- 
lingvud follicles are in hvo sm-ies, the larger one next the mandi- 
hniar ramus. The mole has large parotids and submaxillaries, 
the former oliloiig, tlie latter subdivided into roundish masses : 
the suhlingual is placed very near the mandible : tlicrc is no 
zygomatic gland. In shrews the maxillary exceeds the [larotid 
gland in size : the latter follows tlie auditory meatus in its in- 
ferior position. The same projiortions liold in the insectivorons 
bats: but in the fruil-eating Pteropines the parotids arc the 
larger glands. 

Great is the diversity of the salivary system in the order Bruta^ 
as the difference of food and Avays of getting it might indicate. 
The parotids arc somewhat less tluui the submaxillaries even in 
the phyllophagous Sloths, and are mucli the smallest in tiic in- 
sectivorous families. In the Annadillos the parotid gland is small : 
its duct opens into the mouth near the angle of the lips. The 
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submaxillary glands are very large, siibcervical in position, extend- 
ing from the angle of the jaw to the anterior border of the j)ectoralls 
3^,3 major, where they meet at 



the middle line, under-lap- 
ping the stemo - hyoidci. 
The gland, fig. 303, c,* is 
lobular, and sends its se- 
cretion by three or four 
short ducts, rf, rf, into a 
})yritbrm bladder, c, situ- 
ated at the fore part of the 
gland, from the apex of 
which the duct, is con- 
tinued forward to terminate 
by a minute orifice on the 
sublingual meml)rane of the 
mouth, inuncdiately behind 
tlic symphysis menti. The 
saliva which the bladder 
contains is tenacious, the 
serous part being probably 
absorbed during its deten- 
tion. Thus prepared and 
accumulated it is cx[)ellcd 
at the fore and under pin t 
of the inoutli, in ordei* to 
lubricate the tongue. 

In the great Anteatcr the 
submax ilhiry salivary gland 
is a bilobcd body, sixteen 
inches in lengtli, two inches 
in greatest thickness at the 
})osterior part where tlic 


Salivary gland and bladder, Annadfllo. 


two glands blend together.^ 
From this confluent base 


they diverge, extending outward and forward, and form, eaidi, a 
flattened triangular mass, from four to five inches in breadth 


^ cxxvji". p. 1 1 1. Tho, preparations which exemplify tliis modification of the 
salivary sysf'-in are Nf.s. 772 i., ami m, in xx, vol. i. p. 238 (1831). Prof. Rapp, i’» 
cxxix''. (1843), refers, for this structure, to Wixkkk, Dissert, sistens observatioiifs 
anatomicas clt> Tatii novemeim-to. Tubing. 182G, pp. 10, 1 1 : Rapp, pra-ses ; who adds:"-' 
* Nachtlem Prof. Jager, in Stuttgart, sio schori vorher boincrkt hatto.’ This inaugural 
Thesis I had not seen at the date of viu", and I brcanio awaro of its (jxistcnco only 
tljrougli llio reference thereto in Prof. Rapp’s work. 

* vm". pi. 40. 
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find two inches thick posteriorly, and becoming thinner towards 
the outer and anterior border, where the at)ex is prolonged 
into a slender process. The isthmus, or base of the combined 
o'lands, overlies the anterior half of the thorax ; the base of each 
lateral lobe is notched by the prominence of the sho\ilder-joint, 
round which its outer border extends ; the contrae.ting anterior 
prolongations of the gland ])ass forward along tlie sides of the 
neck, external to the sterno-maxillarics, and terminate a little in 
advance ol* the angle of the jaw. 

The two j)aek(ds of diicts, which indicate the essential donlde- 
ness of the gland, emerge from the inner *and postei*ior |)art of 
the lateral lohes, five or six inc*hes in a straiglit; line fi-ojii the 
posteri(n* boialer of the isiluniis, and nine or ten inches from the 
anlcrior atieiiuatod ext remity of the gland. After a sliort course, 
ilie <lucts dilate and form a small reservoir on each side; they 
an^ here so closidy covered and connected ))y elastic cellnlar 
(issue as to seem a single reservoir; they maintain, however, 
t!\cir distiiietness, atul continue, eoutraeted, from each dllatatioji, 
as three closely nnit(Ml attenuated duets, which at length unite 
isito .one long and slender dimt. The dilated jjortion is siir- 
|•^>^nlded by a <;ompressor muscle (ronsfrirfor sf//irf/ris), Tlie 
gland is conglomerate, the ])rimary lohes being for the most 
part oblong, snl)C()m]>ressed, from about tliree to nine lines ii\ 
(liainetcr. The closely united ducts, after quitting the reser- 
\oir, are continued forward covered by tlie extraordinarily ex- 
ieialed m/j/olu/ffidrus, and, after their union, tlie common duct 
t' rininatos at the symphysis of the lower jaw. 

Tlie pjirotid gland is small in proportion to the animal : it is 
situated in front and below tlie root of the ear, is of a triangular 
(onn, two inches tour lines in length, one inch two lines in 
lu'oadth, with the duct continued from the outer side of tlie an- 
i(U’Ior a])ex of the gland, which apex terminates at the posterior 
end of the origin of the masseter muselo. The duct extends for- 
ward along the outside of the masseter near*its origin, passes 
along the buccinator near its upper border and beneath the ten- 
dons of three of tlie retractors of tlie mouth, then dips iindcn* tlie 
erbicularis oris, and terminates near the opening of the mouth. 
The length of the duct is cloven inches, its diameter scarcely 
l^alf a lino. This is perhaps the longest duct, in proportion to 
th(‘ size of the gland, in the animal kingdom : as the suhmaxillary 

the largest gland outside a visceral cavity in the vertebrate 
•^eries. The deprc^ssor auris, which arises from tlie angle of the 
perforates the parotid gland. A chain of lymjihatic glands 

YOL, Ml. i> o 
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is continued backward Irojn beneath the parotid on the side of 
the neck. 

The representative of the ^ sublingual gland ’ forms a thin layer, 
divided f(»r the most })art into narrow elongated lobes or groups 
of follicles, attached to and sj)read over the inferior buccal mem- 
brane for an extent of twelve inches : the greatest breadth of this 
layer is two and a half inches, and is opposite the angle of the jaw. 

There is a small elongated ‘ labial gland,’ lying ujKm the fore 
|)art (d' the buccinator, near its lower border, and sending its 
secretion into the side of the fore ])art of the moutli ; apparently 
to liil)rieato that coiftraetcd ajun tiire during the frequent and 
rapid |)rotrusive and retraetilc movements of the tongue. 'Fhc 
‘ buccal glands’ forma very extensive luit extremely thin stratum 
of mu(‘()-gla)idular follicdes, closely attached to the thin memluaue 
(if the mouth ; they are chictly develoj>ed at tlu*. lower and lateral 
parts, and along the middle of the upper surface of that part of 
the month which is ]u*olonged backward, below the similarly |>ro- 
longed nasal canal, beyoiul the bony palate. Those glands t(.‘r- 
ininatc by innumerable very minute orifices uj>on the smooth 
inner surface of the buccal membraue, which they serve to lubri- 
cate. They arc coutinmuis with the better-marked scj’ies of 
follicles extending along the sides of the under surface of the 
mouth, lioneafh the lower jaw, which represent tho^siiblingualcs.’ 
lint the glands tliat pour out the ahundant viscid secretion which 
lubricates the tongue and is mainly subservient to its iieculiar 
prehensile function in the Great Aiiteator, are those conjoined or 
intei’bleuded pjyr that answer to the sul)inaxillaiy salivary ghinds 
in other animals; wlii<*h glands are most modified and developed, 
for a like function, in other sp(?<'ies of Alfjnnrcojihufjny and, as we 
liave seen, in tlie Armadillos and in the Echidna. 

In the little scaiisorial Aly nivvAypUiuja lUdaclyhiy the homoIogJics 
of the submaxillary glands are suliccrvuad and lilended togithor, 
as in tlie larger species ; and a slender process is continued from 
tlujin to the labial gland. The duct eonnncnces by three tubes 
continued on each side from the main body of the gland ; and 
these tubes dilate into a small reservoir, jirovided with a coiu- 
]>rc ssor muscle, before the long and slender single duct is continued, 
covered by the Jnylohyoideiis, to the symphysis of the jaw. The 
])arotid gland is «>f very small relative size ; and this striking 
diflrercncc in tlie projiortions of the two chief salivary glaiuls 
^indicates the difterence in their functions and in the quality of 
their respective secretions. The labial glands are relatively 
larger in the Afyrmccophnya didactyla than in the Alyrmecojduiya 
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juhata ; and there is a siipcradded af^gregatc of mucous follicles 
behind the eyeball, in the shallow orbit of the smaller spceics, the 
.secretion of which eutcirs near the an^jh*, (»f the mouth. 

In the Ilyrax the j)ar()tul exceeds the submaxillary in size, 
and is of a redder colour: the subliii‘j^ual is almo.st as lari^c as 
the latter. In the IIoi*se the })arolid forms a considerable mass 
cxt.endijig’ from its normal position behind the niasseter, upward 
to the ear-conch, the base of which it cnil)races, and dowinvard to 
the larynx, where it meets its fellow. Three ducts quit the mass 
at different [>oiiits of its lower half, converge and invite as they 
pass downward and forward ; the common duct, whicli curves 
(bnvii beneath the lower ))order of the masseter, rises in front of 
that muscle to jnorcc the buciail mcmbraiie at a ])apilla opi)osite 
tile last u])per premohir. The submaxillaries are about one-lburth 
the size of the parotids, liy which they are eovereJ: the gland 
{‘xt<Mids from the transverse jiroeess of the atlas to the angle of 
the jaw. 'J1ie duet terminates on a valvular pajiilla anterior to 
the framiim lingiue. The sublingual glands, beneath the sides of 
tlic frienum, are elongate, as large as the snlmiaxillary, and 
coiinminicatc witli tfio mouth 4)y several orifices. The buccal 
glands form large tracts of lenticular follicles along the iip[)cr 
ijiaxilhiry bone, ascending to beneath the zygoma. ' 

In the IIi)g-tril)c the parotids have a large proportional size : 
the duct follows the lower border of the masseter, curves upward, 
and opens into the mouth opposite the last jiremolar : thorc is a 
small patch of buccal glands near Its toiniinatloii. In the Ihiby- 
rous.^aand VV'art-hog the parotid extends from its jj,iornial position, 
do\Miward and backward, to the shouldor-joint amt, mesiad, to the 
stcrno-thyrolds : resembling in size, shape, and |>roportion, the 
f^nbinaxillary of the Annadillo: its duel: crosses the upper part 
of the masseter. As in the Hog, there are two sublingual 
glands; one, which is very long and narrow, Jtt5coinj»anies the 
duct of the subinaxillary gland, and is composed of small lobes of 
a ])alc reddish colour ; the ovitice of its excretory duct is near 
that of the maxillary. The second sublingual gland is [daced in 
Iront ot* the former, and is of a sijuare form; it discharges its 
^eeretion through eight or ten Kshort ducts, which pierce the 
mucous membrane of the month. Dr. Ward has given an illus- 
tration, fig. o04, from a preparation by Quckett, of the distri- 
hnrion of the capillaries in the parotiil of a Pig. The arteries 
penetrate the iireolar tissue at different points ot‘ the sui fiice, and 
arc eondueted, as it were, by this tissue through tlie interlobular 
f^l)accs as far as the primary aggregations of the vesicles, where 

D u 
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they fomi a network, which is distributed over the elementary 
parts of the gland. 

The i)aroti<1s arc large in all Ruminants. In the Ox the parotid 
is vertically extended behind the long ascending mandibular ra* 
o., I mus from the lower border 



of the ear-conch to the 
angle : the duct, as in the 
Horse and Hog, folloAvs the 
loAver contour of the mas- 
seter, and jicnctrates the 
mouth opposite the first 
iip|)er true molar. 

The submaxillary lic>s be- 
hind and u])ou tlie angle or 
the jaw: it is relatively 
larger than in the horse ; its 
duct traverses the sublin- 
gual gland in passing to 
its torniinatioii bchnv the 
fringed fore ))art of the 
fraMiiim. In the Giraffe its 


Cai'illurlL's t,f I' jrulld (if I’isr, . . • >1 i 

o|)ening is similarly pro- 
tected by a small valvular papillose fold. There are three small 
elongate masses of buccal glands, over the alveoli of both upper 
and lower molar sei ies : opening upon the angle of reflection of 
the gum-membrane upon the cliecks or lips. 

In the Carnivorous order the salivary system is least developed 


in the Seal-tribe : they have the parotid either very small or 
wanting: and have no zygomatic glands. In the Dog the pa- 
rf)tid, iig. 305, is comjiaratively small, flat externally, with 
the duct continued from near the lower end, and traversing the 


massetcr, in. an almost straight course, at an equal distance from 
the upper and lower borders of the muscle : it terminates opj)ositc 
the uj)per earnassial, ib. />. The submaxillary, ib. c, is a large 
globose gland, beneath and partly covered by the paroti<l behind 
the angle of* the jaw: its duct terminates at d\ The sublingual, 
ib. <?, is more posteriorly ])laccd than in Ungulates, and is in 
contact with the submaxillary, of which it seems an accessory 
lobe : its duct, /, lias a similar termination at the fore part of 
the fraenum linguaj. The zygomatic gland, ib. seems to be a 
special development of part of the buccal system : its duct, Aj 
tenninates behind that of the parotid, opposite the interval be- 
tweeti the penultimate and’ last lufdars. parotid is relatively 

larcrer in the Cat, and moi‘e so in the Hear-tribe. 
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In the Aye-aye the parotid, of a suhtriangular flattened form, 
extends from its Uvsual position to beneath tlie mandible where it 
in contact with the subrnaxillary gland. The duct leaves the 
parotid about three lines above the lower margin of the mandible, 



Halivary lv'^ 


crosses the masseter, and penetrates tlic buccal membrane close to 
the angle of the mouth. The subrnaxillary is smaller, thicker, 
more globose and compact in texture.' These forms and ])ropor- 
tioiis of the two main salivary glands obtain in all Lemuridcp.i in 
Sfawps the anthors of cxxiv" describe and figure^ the ducts of 
tlic submaxillaries as uniting, heneath the middle of the tongue, 
into a common duct wliich passes backward to terminate upon 
the nuieous membrane of tbe month a little above the hyoid. 
In the Potto the submaxillary ducts ojjcn in the usual position, 
upon the free margin of the sublingual. In the higher Quad- 
rumana the salivary system accords, in the main^with that in 
Man. The situation of the submaxillary agrees witJi the name of 
the gland. The buccal follicles are more numerous in the chcek- 
])ouchcd monkeys, «and the parotids are relatively larger in the 
m#i'e exclusive vegetarians. 

The human parotid is a depressed, three-sided pyramid : its 
base forms the exterior surface, and the apex sinks deep to the 
stylo-hyal and its muscles, penetrating between them and the 
internal pterygoid muscle, as far tis the pharynx. A dense fascia 
separates it from the submaxillary : that which covers its base is 
called * parotid fascia : ’ and the gland is attached by similar 
tissue, posteriorly, to the cartilage of the meatus auditorius. A 
portion of the gland which extends from the part ovcrla])ping 


* cii'. p. 43. 


* p. .'52, pi. I, fig. 5. 
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the massctcr, foru'anl below tlic zygoma, is called ^socia pa- 
I'otidis ; ' and iji some cases it sends ils secrctl<.m by one or two 
small tributary (*anals into the main duct. Tliis crosses the 
inassctcr, j>crfbratcs the buccinator, glides l.)etwecn that muscle 
and ihe mucous membrane of the mouth, which it finally [xa*- 
forates oj)posito the penultimate upper molar, m- 2 . The parotid 
derives its arterial supply from the cctocarotid, directly and 
thnuigh the medium of branches; the disposition of the terminal 
capillaries resembles that sliowii in fig. 304. The nerves are 
derived from the facial, the anterior auricular, and the ex- 
ternal carotid i)lcxus. The submaxillary gland, much smaller 
tlian the jiarotid and larger than the siihlingual, is situated in 
tlie anterior portion of the digastric s[)ace. It is irregularly ob- 
long in form, and is enclosed in a loose investment of are(»Iar 
tissue more delicate than that covering tlie parotid. Its long 
axis is diroclod from before backward, and is about an imdi and 
a half in extent. Its external or maxillary surface is sliglitly 
concave, is lodged in a groove in the l)one, and is in immediate 
contact with the mylo-hyoid nerve. The anterior extremity Is 
the smallest, and from tlie part rej>resented by the confiiienee of 
the inner and outer surfaces above, generally ])roeceds a ])roees::;, 
longer ilian tlie gland itself, and passing ahmg the ii})]H.*r snrfa<‘c 
of the mylo-hyoid muscle in company with the excretory duct, 
l)ut above it, as far as tlie sublingual gland in front, with which 
it is occasionally incorporated. This process may he rcganled as 
aual<>gou.s to tlic accessory glaml of the parotid, and like it varies 
considerably in size and relation to the body of the gland. A 
(piarter of an inch below the base of the process appears the com- 
mencement of tlu* excretory duet. It aceomjianies th(» gustatory 
nerve toward the tip of the tongue betw een the sublingual gland 
and the geilfei-hyo-glossiis muscle to the side of tlic IViennm 
lingiue: in ^le terminal part of its course it is directed forward 
and inward, fig, 3()(), h, lies immeiliately beneath the mucous 
membrane, aiul opens by a very narrow orifice into the mouth, 
ill tlie centre of a jiapilla of mucous membrane Avhiedi jirojocts 
from the side of tlie fraimim. The duct is about tivo inches in 
length, its coats arc more delicate and extensible than those of 
the parotid. Its calibre exceeds tliat of the jiarotid duct, and, 
like it, its narrow^est jiortion is that immediately beneath the 
mucous membrane, and this gradually (contracts more and more, 
so that the terminal orifice becomes so small as scarcely to be 
visible by the naked eye. Tlic primary lobes of the submaxilJary 
gland are much larger than those of tlie parotid, and the lobules 
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have ail irregularly triaiigular arrangement. The arteries and 
veins that supply the submaxillary gland, arc derived Irotfi the 
racial and lingual. The nerves arc irom the inylo-hyoid branch 
of the dental, and the gus- 
tatory, but chiefly from the 
sLibmaxillary ganglion. 

The sul)lingual gland 
forms a distinct eminence 
underneath the anterior 
part of the tongue liy the 
side of the frienuin. Its 
shape and position are 
shown in fig. .‘>0o, c, c: its 
lobules are smaller, firmer, 
and more distinct than those 
of either the parotid or max- 
illary : its ducts arc lunne- 
roiis, their orifices consju- 
(Mions along the ridge; of 
nmcous membrane behind 
of the submaxillary. Oecasionally one duet is longcu' and 
hirger than the rest: it is juxined, after the anatomist who first 
drew attention to it, ‘ IJartUolirfs duct,’ fig. oOG, n. For a like 
reason, Antliro[)Otoiny calls the duct of the siiinnaxillary, Ih. ft, 
‘ W harton’s,’ that of the jiarotid ‘ Hteno’s,’ and the short dmds of 
ilic wSublingual ^ Ivivinus s.’ The secretion of tlic latter gland is 
more viscid than true saliva ; and it may be considered as the 
best (lefinedof the subsidiarv glands of the salivary system. The 
posterior |)art of the suhlingnal is occasionally represented by one 
or move distinct glands in juxtaposition, each 1‘uniishcd xvith a 
very short excretory duct. The anterior lingual glaigjlis, fig. 1107 , ft, 
arc situate below the apex of the tongue, bctAveoii the lower longi- 
tudinal and transverse musetdar fibres, and emit their secretion 
during the movements of that organ upon the mucous membrane 
l)0neath the tip, by deli(;ate ducts indicated by lu’istlcs iji the figure. 

The labial glands form a sei'ics of closely packed small, dense, 
spheroidal cryj>ts, situated in the areolar tissue between the 
nuieous membrane of the mouth and the orbicularis oris muscle ; 
their excretory ducts open upon the posterior or free surface of 
the labial mucous membrane. They are not visible to the eye 
Avheu tho lips are in their natural lax position, but when the 
latter arc everted, they appear as proiuineiiccs upon the tense 
mucous mcml)rauc. 
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Tlie buccal arc smaller than the labial glands, but rcscin})le 
tlietfP: jn Ibriii and position, being irregularly spheroidal, and 
placed between the Iniccinator and niucoiis membrane; they open 
by the orifices of diw^tinct ducts upon the free surface of tlie latter. 
The molar glands are placed between the buccinator and masseter 
iinisclcs. They are larger aiid more dense than the buccal, 
being composed of several lobes. Tlie diuds open upon the 
mueous meml)rane at the posterior ])art of the cheek. The pala- 
tine glands are very numerous and small, and situated partly 
between the niucovi»s membrane and the ])alatinc arch, and partly 
between the mucous and mnscular layers of tlie soft iialati*. 
The former are situated on either side of the median line, and 
foi'in a thick laj er, being more closely aggregated together in the 
front and behind than in the middle, opening on to the mucous 
membrane by distinct orifices. Tlie latter, smaller than the 
former, exist both on the upper and lower surface of the vclnm, 
and are continuous below, where tliey are more numerous than 
above, with the glands of tlie hard palate. The aggregate follicles 
opening near the fossulate papilhe at the ba(*k part of the tongue 
are sometimes specified as the ‘ posterior lingual glands.’ Like 
the other subsidiary glands their secretion is more nincons and 
liilirieating than solvent: and tlie honiologucs of most of these 
glands are maximised in 
1 1 e r 1) i vorou s M am m als i n 
relation to the movomonts 
and mastication of their 
coarse vegetable roC)d. 

The <li version of the paro- 
tid secretion from the mouth 
of a horse, dining mastica- 
tion of oats,,;Avas followed 
by dryness of the interior 
of the bolus and an exte- 
rior envelope of tenacious mucus, which was as abundant as be- 
fore the division of Steno’s ducts; the experiment* indicating 
that the secretion -of tlie jiarotid is of the more fluid saliva whi(*h 
moistens, in ordinary mastication, the Avhole mass ; and tliat the sub- 
niaxillary and siihlingual, like tlie more diftiised tributary glands, 
provide the secretion of the slimy lubricating saliva. Further 
experiments showed^ that the flows from the parotid, siib- 
maxillary and sublingual glands are respectively regulated by 
conditions special to each. Tims, the quantity of saliva secreted 

2 lb. 
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by the parotid of a horse is in direct ratio to the dryness of 
the food and the difficulty experienced in its mechanical div&ion. 
The mastication of straw and hay causes a greater flow than does 
that of oats and farinaceous matters ; the mastication of iiKjist 
ibruis of food hardly excites any. The saliva from the sublingual 
and submaxillary ducts flows nearly in equal abundance whether 
mastication be exerted on dry or moist forms of food ; and, owing 
to its comj)arative tenacity, it is not easily imbibed irito the centre 
of the masticated material, but is gathered round the surface of 
the mass, thus favouring its passage along the alimentary canal. 

The comparative anatomy of the salivary system supports the 
conclusions of experimental physiology : thus, the parotids ai*e re- 
latively largest in mammals -that masticate most; the subinaxil- 
larics are largest in those that need the greatest amount of viscid 
lubricating secretion. In the anteaters, haiiy or spiny, the 
parotid is so stnall as to liave escaped the notice of Cuvier and 
liis contiiuiators the siibmaxillary attains its maximum of size. 
In many long-tongued Edentates (^Mi/rmccopluu/a and JJasp/jus) 
a bladder is superadded to the submaxillary gland botli for storage 
of a quantity of secretion needed in a sudden excess of outflow, 
and also for adding to the tenacity of tlic secretion so jxnired out 
to lubricate the tongue. In Mchidna the end is gained l)y sub- 
division with enlargement of Wharton’s ducts. 

Most analyses of saliva have been made on that from the human 
mouth whi(di is the combination of the secretions of the various 
glands aliove des(ndl)e(ft The j)ceuliar animal principle called 
‘ ptyalin’ is a nearly solid matter, adhesive, of a yellowisli colour: 
it is neither aeid nor alkaline, is readily soluble in ether, alcohol, 
and essential oils, hut more sparingly soluble in Avater. It appears 
to give the peculiar odour to saliva : when pure it may be ke})t long 
at a mod(n*ato temperature without undergoing decomposition. 

Dr, Wright’s analysis of human saliva ^ is as follows : — 


W;tU‘r 988*1 

rty.ilin 1*8 

;uM<l ......... ‘fi 

('liloritk'S <if pot.-is^iiim nihl sfMliuin . , . , . 1*1 

coniliiiKxl. M'ith .vo«lii '9 

IMiospliMti' of liiiio ........ •(» 

Allminin.'ilo of so(];i 'S 

Liotiites of potash aiKl soda ...... *7 

Sul phooyanido of potassium *9 

Soda ’0 

Mucus, with some ptyalin 2*6 


* * Lorsqu’il u y a point dr* parotirics, comme eela a lieu dans Chhi 
her, ]m proport ion des niaxillairos auginunto considcTublcinont.* xii. 


dne ct le 
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Pure saliva obtaiiuMl from the })aroti(Is and subrnaxillaries of a 
dog, and from the i)arolids of a horse, is inconn)etcut to effect ilie 
saccharine transformation of starch : but the secreiioii of the 
mucous and subsidiary glands of the moutli reacts upon cither 
starch or sugar in tlic way of producing lactic acid. 

§ 225. AUmmtanj canal, Lycneophala, - In the Ornitlio- 

rliyuchus the msopliagus becomes sliglitly dilated near the dia- 
phragm, extends a little way into the abdomen, and expands into 

a moderate-sized niembranons 



Tlior;iolc wid \ i'Ct i.-i, oriiiili'.rliyiirliii 


stomach, fig. *‘K)S, wliicb is 
chiefly remarkable for the close 
approximation of the cardiac and 
pyloric orifices. The intestinal 
canal is moderately wide, five lef t 
three inches and a half in length, 
and provided, at a distance uf 
four feet three inches from llie 
pylorus, Avith a small and slen- 
der cicciim, ib. The small 
intestines are chiefly remarkable 
fur the extent of the mucons 
coat, which is disposed in nume- 
rous folds or valvuhe conniventes: 

. those are transverse at the ho- 
j/innlnj]: of the duodcninn, hut are 
placed more or less ohIi<piely in 
the rest of the small nUestine; 
they are about two lines broad, 
are close together in the duode- 
num, but diminish in. hreadlli 
and number as they a[)proach the 
caecum coli. Tliei'e are about 
fillecn loiigitudiual folds in the 
first half of the colon; the re- 
mainder of the intcsthie has a 
smooth inner surface. There is 
no val villa coli. The rectum, 
ih. terminates at the anterior 
and dorsal part of the vestibular 
compartment of the cloaca. 

As the food undergoes less 


comminution in tlic mouth of the Echidna than in that of the 


Oriuthorhynchus, the pliaryrix and (esophagus are ividcr, and a 
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dense cpitlieliiim lines the inner surface of the latter tube : it Is 
(rontinued over the capacious stomach to the i)ylorus, near which 
orifuic it is developed into numerous homy and sharp papilla). The 
subjacent nuicous membrane is smooth; the tunics of the stomach 
are thin, to near the pylorus, where the muscular coat assumes 
soincthlng of the f» izzard-character, and the inner coat forms a pro- 
niinent protuberance in the diU)doniim, The intestinal canal ol‘ 
the Echidiia is seven times the length of the body ; tlie mucous 
membrane is not raised into valvular folds; a small vermiform 
and glandular emeum divides the small from the large ii.tcstiiies; 
tlio rectum terminates as in the Ornithorhyivchus. 

The various modes of locomotion, resulting from tlfb diifereut 
modifications of the osseous and mustmlar systems observable in 
tlie several families ol‘ Alaranpialla^ relate to the acquisition of 
as various kimls of alimentary suhstancos, which necessarily re- 
(juire for their assimilation as many adaptations of the digestive 
organs. Food — moans of obtaining it — instruments for prej)aring 
and mechanically dividing it — cavities, canals, and glands. h>r 
chemically reducing and animalising it — form a closely connected 
chain of relationships and interdei)endon(nes. The {)reparat.ory 
insirumcnts have been described in previous sections. In all 
l\larsii))ials the (esophagus in |)assing through the chest recedes 
from tlie s[)inc as it approaches the diaphragm, and is loosely 
connected with the bodies of the dorsal vertehi-ie by a broad 
dupUcatiire of the ])ostcrior mediastinum. In the rhalangers the 
(esophagus termiuates in the stomach almost as soon as it has 
|ucreed the diaphragm ; in the Opossums it is continued some way 
into the abdomen; in the /J/(/c/yyA//.v exaiiiple, for 

the extent of an imdi and a half; in Did, /jracht/ura^ for half an 
inch. In the Kangaroos the abdominal portion of the oesophagus 
is of* still greater extent; I have observed it five inches long in a 
Jnale Mftcropus major, 

'riie Inrun’ surface of the (esophagus is generally smooth, or dis- 
])os('d in line longitudinal plaits ; hut in the Virginian Opossum the 
terminal ))art of the (esoj)hagus presents many transverse folds of 
the lining membrane analogous to, but relatively larger than, 
those in the l^Ion and other Felines. I liavc not met with a like 
sti’uetnre in the rinilangers, nor in any other genus of Marsupials; 
what is more rcinarkahlc is that the transverse (X'sophagcal ruga) 
are not developed in the carnivorous Dasyures or Phascoyalesy 
where analogy Avould lead one to expect them, rather than in the 
insectivorous Opovssiims, 

The stomach presents three leading modifications of structure 
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in the MarsupuiUa; it is citlier simple, as in the Zoopluigous, 
Entoinopluigons, and Carpophagous tribes ; or is jn-ovidiHl witli a 
cardiac glandular apparatus, as in the Koala and Wombat ; or is 
complicated by sace.uli, as in the Poephagans. 

It might have been c.xj)octcd that the stomach would have ex- 
hibited some ‘modifications in the devclojnnent of the left or 
cardiac extremity corresponding with the diirercncos of food and 
dentition obsorvablp in the large proportion of the Marsu])ial 
onlcr, in which this viscus jmesents its simple condition ; but this 
is not tlie case: the form of the stomach is cssentiaUy the same 
in the carnivorous Dasyure, the insectivorous Ilandicoot, and the 
leaf-eating Phahingers. It presents a full, round, ovate, or snh- 
triangular figure, with tlic right extremity pr(>jc(;ting l>eyond and 
below the ]ivloriis ; the longitudinal iliameter seldom exceeds the 
vertical or li’ansversc i)y more than one-third ; often, as in rhaa-^ 

cof/ale and IJast/urns viverrhin.s^ 
hy only one-fonrth of its own ex- 
tent; and the (esophagus enters at 
the middle of the lesser curvature, 
or sometimes nearer the pylorus, 
hut always leaves a large luani- 
spherical cul-de-sac on the left 
side. DauheutoiP has given illus- 
trations of this characteristic form 
(»f the stomach in different species 
of Didclphffs ; it is here figured as 
it exists in Pita scoff ale ^ fig. 

The stomach is ndatively inncli 
rn(.>re capacious in tlie carnivorous 
]VIarsuj)ials tlian in the carnivorous 
Placentals, Some slight modifica- 
tions occur in the disposition of the 
lining membrane ; in the Phasro- 
(jalc a series of very thick rugic 
radiate from the middle of tluj 
upper part of the cfccal end of the 
stomach, some of which were con- 
tinued along the lesser curvature 
to the pylorus. In the Peramcles 
iidernal surface of tlie left cul-de-sac is smooth; the 
right half of the stomach has rugae, running chiefly in a longitu- 
diital direction, and particularly numerous towards the pylorus. 



exxn'', tijiu. X, i»l. 48, tig. 1. 
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The stomach in the Wombat and Koala does not materially 
differ in external figure from that of the above-cited Marsupials ; 
the a\so])hagus terminates nearly midway between the right and 
loft extremities, but fVirther from the pylorus in the Wombat 
than in the KoaLa. The conglomerate gastric gland is of a flat- 
tened ovate form, relafively 
larger in the Wombat than 
jii the Koala, situated to the 
left of the cardiac orifice, at 
the lesser curvature of the 
stomach, fig. 310. The gas- 
tric gland has a similar 
]K>siti()n in the Bcavm', but 
in tills animal the excretory 
(n*ilicc.s of the gland are ar- 
ranged ill three longitu- 
dinal row's, while in the 
W'ombat and Koala they 
a re scattered i rreg u 1 a rl y 
in the Wombat they are 
ahuut thirty in number, and the bottoms of the larger d('[n-essions 
are subdivided into smaller cells. Jii the partially eoiitraeted 
state the inner memlirane of the stomach of the Womliat is dis- 



posed In longitudinal rugjc, 
which gradually subside to- 
wards the ]iylorus ; but 
when the stomach is dis- 
tended these folds disap- 
jicar, and the left extremity 
presents a full globular 
form. 

The sacculated stomach 
<»f the Kangaroo, Avhi(*h 
oilers the extreme modifica- 
tion of this organ in the 
Marsu[)ial order, resembh's 
the liiiman colon both in its 



longitudinal extent, structure, and disposition in the abdomen. 
In a full-grow'ii female Kangaroo (Afarrojms major') I found 
the abdominal oosophagiis, fig. 311, four inches long, a»d tcr- 
nunatlng at six inebes distance from the left extremity of the 
stomach : this was folded forward and to the right in front of 
th(* mso])hagiis ; from the basis of the left cid-dc-sac the stomach 
oontinued to ex[)and, and descended into the left lumbar and 
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iliac regions, wlioiicc it stretched upward and to tlic riglit side 
obliquely across the abdomen, to the riglit hy|)()chondrJiini, where 
it became contracted and finally bent downward and baclvAvard 
to terminate in the diiodehunu The whole length of the stomach, * 
following its curvatures, was three feet six inches, equalling that 
of the animal itself from the muzzle to the V.ent. 

The cavity may he regarded as consisting of a left, a middle, 
and a right or pyloric division. The left extremity of tha 
stomach is bifid, and terminates in two round cul-de-saes. The 
sacculi of the stomaeh are produced, like those of the colon, hy 
three narrow longitudinal hands of innscular fibres, whiih gradm 
ally disappear, togctlier with the saecnli at the pyloric division. 
One of the longitudinal bands runs along the greater curvature, 
at*the line of attachment i»f the gastio-<‘.olic omentum; the others 
commence at the base of the left terminal jMmclies, and run, one 
along the anterior, tlic other ahnig the posterior side of the sto- 
mach : the inters})ace, between these I^ands^ forming the lesser 
curvature of the stoinacli, is not sacculated. The largest of* the 
t wo terminal saccnii, </, fig. 310, is lined with an insulated patch 
rd* vascular mucous mombraiic, which is contimu'd for the extent 
of five inches into the cardiac cavity ; tlu^ thick ej)ithellinn Is 
continued from the (esophagus in one dirct^tion into the nearest 
and smallest sacculus, c, and extends in a sharp-j)oinled form for a 
(‘uusidcrablc distance in the opposite direction into a scries of 
sacculi in the middle compartment of tlie stomach, ib. c: this 
e[)itheliinn is (jiiilc smooth. The vascular mucous siirfjK'o n‘- 
commences by a point at the great curvature, near the la^ginning 
of tlic middle compartment, and gradually ex[)aii(Is until it forms 
the lining of the whole inner surface of the right half of the 
stomach. Three rows of clusters of mucous follicles, ib. //. //, 
are developed in tlie mucous membrane of tlu^ pyloric* half ol' the 
initl(ll<3 compartment; they are placed parallel with the longi- 
tudinal muscular bands; about fifteen pat(*hes arc situated ahuig 
the greater curvature, and there arc nine in each of the anterior 
and jjosterior roivs. These glandular jiatches disappear alto- 
getlier in the pyloric^ compartment of the stomach, wlierc the 
lining membrane is thickened, and finely (M)rrugat(Ml ; but imme- 
diately beyond the |)ylorus there is a circular inu(*ous gland 
three-foui-ths of an incJi broad: the non-saciculated pyloric divi- 
sion of tlie stomach was five inches in length. 

In the smaller speevies of Kangaroo the stomach is loss compli- 
cated than in the Macropns major i the mimher of sacculi is 
fewer: in Macropns c. g., the third longitudinal band at 

the great curvature of the stomach is almost obsolete: in the 



ALIMENTARY CANAL OF MARSUPIALIA. 


415 


TJrusli-tailed or llock Kangaroo (^Mavropus penicillatus) the car- 
diac extremity terminates in a single siibclavate cul-de-sac : tlie 
(csopliagiis opens into the middle division of the stomach, close 
to the produced crescentic fold which separates it from the cardiac 
compartment. In the great Kangaroo a second slighter fold is 
continued from the right side of tlie cardiac? orifice parallel with 
llie preceding, and forming with it a canal, somewliat analogous 
to that in the true ruminating stomachs, aiid,along whi(ih fluids, 
or solid food not requiring previous preparation in the cardiac 
cavity, might be conducted into the middle com])artinenl. 

1 have moi e than once observed the act of rumination in the 
Kangaroos kept in the vivarium of the Zoological Society. It 
does not take jdace while they arc rccuml)ent, but A\hen the 
animal is erect upon the tripod of the hind legs and tail. The 
;il)dominal miis(‘lcs are i]i violent ac'tion for a few S(‘cond.s, tlie 
liead is then a little dejircssed, and the cud is masticated by a 
lapid rotatory motion of the jaws. Tins act is by uo means re- 
])eated in the Kangaroos with the same IVeijuency or regularity 
ns in.the true llumiuants. A fact may, Iniwever, be noticed as an 
additional analogy between them ; balls of hair, cemented by 
imicns, adpressod and arranged in the same direction, are occa- 
sionally Ibrmed in the stomach, of which 1 have met with two, 
of an oval sha]»c, in the Macropus parrjji. 

In the genus Uppsipri/mnus the stomaxdv is as singularly com- 
plicated as in the Kangaroos, and the (‘omplication is essentially 
llic same in both; arising (Voni the sacciilMtion (»!* the [larietes of 
a very long canal by a partial disposition of shorter bands of 
longitudinal fibres; but in the Potonuis this sacculation is con- 
(iniid to that part of the stomach which lies to the left of the 
o so|)lingns, while the right division of the cavity has the ordinary 
Ihnn and structure (>i‘ the jiyloric moiety of a siuiple stomach. 
The left or cardiac division is enormously develoj^ed ; in relative 
pj'oportion, indeed, it is surjiassed only hy the true ruminant 
stomadis, in which both the rumen and reticulum are expansions 
of the corresjionding or cardiac moiety of the stomach. The re- 
lation of tlio stomach of a Potoroo to that of a Kangaroo may be 
concisely exi>rcssed by stating that the termination of the ceso- 
l>hagus in the former is removed from the commencement, or left, 
of the middle sacculated compartment to its termination. 

AVhen fluid is injected into the stomach of a dead Potoroo, it 
distends first the pyloric division ; it is probably by a kind of 
antipei-istaltic action that the aliment is propelled into the long 
sacculated caHium to the left of the a>so|)hagus. 

Having seen that, with the exception of the Potoroos and Kan- 
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garoo8, rtic stomach is simple in the Marsupialiay presenting only 
some additional mucous glands in the Koala and Wombat, it is 
to the succeeding parts of the alimentary canal that we have to 
look for tliose modifications which should correspond with a vege- 
table, a mixed, or an animal diet; and never perhaps was a 
physiological problem more clearly illustrated by comparative 
anatomy than is the use of the ciccum coli by the varying con- 
ditions which it presents in the present group of Mammalia. 

Ill the most purely carnivorous group of the Marsupial order 
tlie stomach presents in the magnitude of the left cul-de-sac a 
structure better adajited for the retention of food than wo fiml in 
the stomachs of the corresponding group in the placental series. 
In tlic most strictly carnivorous Fariv.^ as the cat-tribe, there is a 
ciccum, though it is slm|)le and short ; but in the Marsupiid 
Sarcophaga^ this partis entirely wanting, and tlic intestinal canal, 
short and wide, is continued, like the intestine of a reptile, along 
the margin of a single and simple mesentery from the ])ylorus to 
tlic rectum. The jojunum, in the Thylacinc, has a diameter tif 
two inclics and a half. 

In the entomophagous* ]\Iarsupials, some of which arc suspected 
witli reason to have a mixed diet, the intestinal canal i:s relatively 
longer; the distinction of small and large intestine is establislied ; 
and the latter division commences with a simple, modei’ate-sized, 
siibelavate cjcciim, fig. 312. 

In the carpopliagous' IMialangers, wliose stomach resembles that 
of the predatory Dasyure, the compensation is made liy a longer 
intestine, but princi|»ally by the extraordinary length of the 
ciecum, wliich in some sjiccies is twice that of the body itself. 

312 313 311 


C*:i ('um of Hu; Oi'y.ssuJH. 

Lastly, in the Koala, 
wliieli is, perhaps, a more 
strictly vegetable feeder 
than the l^etaurists or 
Plialangers, the cieeum, 

fi*^ 313 is more than of the Knula. Cieeum or the 

three times the length of the animal, and its essential p^nl? 

* Lxxiv' ;irnl i.xxx', p. 330. 
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,the inner secreting membrane, is further augmented by about 
a dozen longitudinal parallel, or nearly parallel, plaits, which 
are continued from the colon three-fourths of the way towards 
the blind extremity. When we reflect that the Sloth, which has 
the same diet and corresponding liabits with the Koala, has 
a singularly complicated stomach, but no cieciim, the vicarious 
office of this lower blind production of the digestive tube as a 
subsidiary stomach is still more strikingly exemplified. In the 
]Vrarsu})ials with sacculated stomachs the ca3cuui 
coli is comparatively short and simple. In the 
l^)toroos, which scratch up the soil in search of 
larvne and farinaceous roots, it is shorter than in 
the great Kangaroos which biwvzc on grass. 

There is a slight tendency to sacculation at the 
connnencement of the ciccuin in the latter ^lar- 
su]>ials, by the development of two longitudinal r.’iriiin 4»r \\ni 
l)ands, fig. 314. In the VV^ombat the eiecum is 
extremely short, but w ide ; it is remarkable for bcdiig provided 
with a vermiform appendage, fig. 315. In this animal, how'- 
evor, the colon is relatively longer, larger, ami it is puckered 
uj) into sacculi by two In’oad longitudinal bands. In the speci- 
men dissected by me, one of these sacculi was so mucli longer 
than the rest as to almost merit special notice as a second cajciun. 

The most interesting peculiarity wffiich tlie Zoophagoiis Mar- 
supials exhibit in the disposition of their simple intestinal canal, 
consists In its being suspended from the very commencement of 
the dnodeunin on a simple and continuous mesentery, like the 
intestine of a carnivorous reptile. The duodennm makes the 
ordinary fold (»n the right side?, but it is not tied to the spine at 
its termination ; the coinmcnoemcnt of the jejunum may, how’ever, 
he distinguished by a slight twist of the mesentery, and a fold of 
t)erit()neum is continued from the low'cst curve of the loop of the 
duodenum to the right iliac region, as in the Kangaroos. The 
intestine is a little narrower at its middle j)art than at its tw^o 
extremes; the tunics increase in thickness towards the rectum. 
There is a zone of glands at the commencement of the duodenum. 

in tlie Entomoi)hagans ‘ the duodenum is tightly connected to 
the spine, wdicrc it crosses to be continued into the jejunum : from 
this part the mesentery is continued iminterruptodly along the 
small intestines and colon to the rectum ; so tliat altliongh the 
caicum is generally found on the right side, its connectioiivS arc 
sufficiently loose to admit of a change of position. In the Carpo- 

’ S™ Lxxiv', for characters of these families of Afursiipia/iu. 
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pliagans ' the pygmy Petaunst {Acrobates) sthows the (iuodeniiiiL 
attached to the spine as in the opossums, hut it is not tied 
down to tlie right iliac region by a fold of peritoncinn continued 
from the convexity of its depending curve. The ciecum is dis- 
posed in a spiral curve in the left lumbar region ; the colon 
ascends a little way in front of the stomach, receiving a brancli 
of the superior mesenteric artery, and is then continued straight 
down to the anus; again exemplifying the oviparous cliaracter hy 
the shortness of the large intestine. In the PuL taguanoides the 
duodenum is tied down to the iliac region, as in tlie Dasyure ; 
the ca>cum is four inches long, and the colon is relatively longer 
tlian in Acrohntes ; it makes the tour of the al)domen imich as in 
Alan, but is eontiiuied Into the rectum without forming a sigmoid 
flexure. In the Phalangers the duodenum winds round the root 
of the mesentery, descending jiretty low down on tlie right sidi‘, 
and hecomiiig a loose intestine or jejumim on the left side. The 
long ciccum is susjiended by a broad diiplicaturc of porUoneuui 
continued from the mesocolon; and the colon is closely atta<dicd 
at its transverse arch to the duodenum and root of the mosenterv. 
In the Koala the cieciun and large intestines arrive at their 
maximum of develofiment. The duodenum commences with a 

small pyriform sacculus 
nearly an inch In breadth, 
and soon contracts to a 
diameter of five lines, 
which is the general calibre 
of the small iMtesllnes. Tin* 
large intestines, wberc tlic 
ileum terminates, liavc a 
diameter of two inches. 
The end ol* the ileum, fig. 
316, a, protrudes for the 
extent of a ({iiarter of an 
inch within the cjccum, 
forming a very effectual 
valve : near this part tlicro 
arc two Avidc and deep glandular fossae : the longitudinal valvulie 
conniventes of the large intestines have already been noticed. 

In the Potoroos the small intestines are disposed nearly as iu 
tlie Phalangers: the short and Avidc eiccuin lies in the right 
hypogastrium : the colon makes the usual tour of the abdomen, 
but is disposed in long convolutions througli its whole course, 
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being suspended on a broad mesocolon. The diameter of botli 
small and large intestines is nearly tlie same : in //y/Av. setostfs 1 
ibnnd this to be half-an-inch. 

In the great Kangaroo the* descending portion of the duodenum 
is attached posteriorly, by means of a thin peritoneal duplicatiire, 
to the spine, and anteriorly to the ascending colon : it makes an 
iibrupt turn upon itself, and a fold of peritoneum is continued 
(roin the convexity of the curve to the right iliac region. Tlic 
small intestines are strung in short folds on a rather narrow me- 
sentery. The ciccum is in part suspended from the same me- 
j^enteric fold. The colon, besides its posterior connections with 
:i mesocolon, is attached, as before observed, to the duodenum ; 
find also, by means of the great omentum, pretty closely to the 
stomach, whence it passes down, forming many large and loose 
convolutions, to the rectum, being attached by a broad mesocolon 
to tlie lef*t hypocliondriac region. 

The zone of glands at the commencement of the duodenum has 
l»een already noticed; they are present in other Marsupials, even 
in the most carnivorous species. The villi of the small intestines 
in the Kangaroo are of moderate length, compressed and close- 
set. (ilandulie aggregatte are arranged in narrow patches in the 
ileum. There are seven groups of similar follicles in the cteciim ; 
and a few long and narrow patches of glands occur in the colon 
intermingled with numerous glaiidulie solitarite; tlie surface of 
Ihe rest of the lining membrane of the large intestine is disposed 
in a very fine net-work. 

Two faint longitudinal bands extend along the first ten inches 
ni’ the colon and are continued along two-thirds of the cieciim : 
tlie sacculi produced by these bands are but very feebly marked. 
'Ihc contents of the cjccum in tlie great Kangaroo are ol* a 
]>ultaceoiis consistence, and the mass continues undivided along 
the first two feet of the colon, gradually becoming less fluid and 
ibeii beginning to be separated into cubical fseces about an in(*h 
i5«|iiare. The diameter of the large intestine in this species ex- 
ceeds very little that of the small intestines. 

In all the Marsupials two sebaceous follicles open into the 
termiuiitiou of the rectum. The anus has its j>roper sphincter, 
l>ut is also surrounded, in common with the genital outlet, by a 
larger one. When the penis is retracted, the fuical, urinary, 
and genital canals all terminate within a common external 
cutlet; so that in the literal sense the Marsupials are monotre- 
ciatous. 

hhe following is a table of the length of the intestinal canal, 
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and its parts, as compared ^vith the hotly, in a few species of the 
different fiunilies of Marsupialia: — 



a<>ily fr«.»m 


Small 

intcstiiios. 





HI’KCIKS. 

HlloUt to 
veut. 

tv i til 
cicruni. 

liiLcsliiuvii. 

Cuiciiin. 


ft. 

Inch. 

ft. 

in«-h. 

ft. 

iiirh. 

ft. 

inch. 

ft. 

inch. 

Thijlacinm Ilarrisii . . 

3 

■1 

9 

8 







Pfmi>coijak jlanpes . . . 

0 

0 

0 

14 







Dasf/urifs )/iacruriis . . 

1 

4 

6 

0 







PtrfiineU's ?wsiffa , . . 

1 

4 

3 

T) 

2 

i) 

0 

9 

0 

3 

! IHddphj/s PJdhi mh r . . 

0 

9 

3 


1 

11 

1 

■-'i 

9 

4 

Pefattrus pyiptutvoi . . . 

0 

n 

0 

fill 

0 

r> 

0 


0 

1 

Phulang'usta vnlpina . . 

1 

8 

•Jl 

10 

11 

0 

9 

0 

4 

10 

Ditto 1 

1 

7 1 

18 

8 

9 

9 

(> 

10 

2 

1 

Phaacolantoii fft$('tfs . . 

1 1 

i 

‘24 

0 : 

7 

8 ! 

1 10 

r> 

: 0 

i) 

Hypsiprymnus setosus . . 

! 1 

0 i 

o 

0 

2 

0 

i 2 

(i 

9 

2 

Macropus major . . . 


i 

3‘2 

0 

22 

0 

1 ^ 

{) 

1 

8 

Phasco/ofiiys Vomhutus 

2 

(> 

•if) 

a 

1 

3 

; 14 

2 

! '' 

1 


§ 226, Allmentarji canal of Rodentia . — In relation to the de- 

grcc of comminution of 
y ^ the food and in^ 

Jocn before opening into 
tlie stomach, l.lic posi- 

I j”*i^Vi,-ii,', ^ cardia is at or 

xmrnm^ middle of tlie 

(%’• 

- as in MarsupiaLs, and the 

^i;| modifications of the ali- 

l| mentary canal in relation 

nature of the food 

ifL are, also, manifested chiefly 

^ |.|j^ ctecum. The left 

end of the stomach com- 
lutc.stiiial (iMiia!, ii h j.rtii.i-r .'ijmI suiii W-iiieiil.-iry lllCmly projocts bcyOlltl the 

c xx.e. pyloruS, fig. 317, t/, fig- 

318, h\ and it is not unusual to find both ^ blind sacs’ marhetl 

off by transverse constrictions from the mid-part of the cavity? 
fig. 317, i. The resophageal epithelium is usually continued 
upon the inner surface of the cardiac compartment, ib. a, Ir 
the Porcupine, which shows well this tripartite type of stomach, 
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tlie pylorie aperture is much larger than the cardiac one and is 
l)oiiiKled toward the left side by a valvular ridge. 

In the Squirrels (Sciurtis) the stomach is of a pyriform or 
oval shape, quickly contracting to a conical or cylindrical por- 
tion, which is bent upon the small curve and terminates in the 
pylorus. The cardiac coinpartntent, which projects far to left 

i) cyond the msophagiis, is lined with a thick ej>idermis, which 
ibrins two oval lips, as it is prolonged around tlie opening into 
tlie second compartment, the lining membrane of whicli is gastro- 
mucous. 

In the Hamsters {Cricetus) the stomach is divided into two 

j) ()uclics, separated by a deep constriction; the left pouch is 
cylindrical, the right globular. The cardiac orifice is situated in 
llie constriction, so that food can pass at once into the pyloric 
compartment and ])e aiitiperistaltically moved and stored in the 
cardiac division. 

In the l{at(il/w.s‘ decumanus) the abdominal ])art of the gullet, 
fig. 317, /', is 1-t inches long, and carries forward a fold of peri- 
loncum. 'J'hc cardiac compartment, ib. a, lias tliin coats and is 
lined by an epithelium which usually gives it a whiter colour than 
llic rest of the organ. At the midpart, ib. i, there is a tendinous 


:3i8 rny 



KiomrirJi of tlio Wak-r voJe. exxiC. Stoiu:ufli of thi* l.rniuiimr, iiiiuT surf.icc. 

CXXXUl". 


])a1ch from winch muscular fibres radiate, as in the bird’s stomach : 
die muscular coats of the pyloric division, rf, arc thicker, as is also 
the gastro-vascular lining membrane. 

In the Water-vole {Armcohi ampliibius) the cardiac and middle 
compartments form one elongated cavity, fig. 318, </, sepa- 
rated by a constriction from tlie pyloric portion, 6. This swells 
out in t>vo directions, aboA C into a small sacciilus, c, the coats of 
whieh are thin, like those of/, and below into the true digestive 
pyloric part, with a thicker inusciilar tunic and gastro-vascular 
lining inembranc. The epithelial lining of «,/, tcrininates by a 
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fringed margin. The Lemmings have a similar type of stomach, 
complicated with a slight subdivision, fig. 319, c, of the right com- 
partment, near the pylorus, where the thicker glandular lining 
graduates into the thin smooth mucous membrane of the supra- 
pyloric sac, <?. From the cardiac orifice a pair of ridges curve 
toward tlie pyloric division, defining a groove or canal, ana- 
logous to that which will be shown in the Ruminants ; the border 
of the epithelium of the cardiac half is well-defined and some- 
times fringed. The gastric tubes of the com|)artmcut, />, are so 
complex as to give the character of a gland to the lining mem- 
brane. 

In the Beaver ( Castor) the stomach is transverse and elongated 
in that direction, tlie right portion being larger than that which 
is situated to the left of the cardia; the a'sophagus is inserted 
into tlie first third of its anterior margin by a narrow opening, 
surrounded with pointed processes, wliich are analogous to the 
fringes formed by the epithelium in many other Rodents. On 
the right of the ccsopliagiis, at the lesser (*urvature of the stomaeli, 
is a gastric gland composed of numerous Iwanched follicles, tlu' 
blind ends of wliieb, when exposed by removal of the muscular 
coat, give the gland a lobulatcd surfacrc : the orifices of the glands 
are arranged on slight ridges in three longitudinal rows on a flat 
tract of the inner surface. On the right of tlicse orifices com- 
mences the pyloric portion, the termination of which is indicated 
by an external constriction, and by an internal thickened ring : 
tlie pylorus is approximated to the cardiac orifice. This pyloric 
])ortiou, which is more muscular than the rest, is sometimes 
dilated into a distinct pouch, separated by a constriction tiom tlic 
pyloric cul-de-sac. The internal membrane preseiiits evcrywlicre 
the same appearance, except that in the j)yloric portion it appeal s 
to be more smooth, and its folds take a dilfcrent direction. On 
the right of the cardia there is a very thick fold, separating the 
left from the riglit compartment, lii the Dormouse (^Mt/oxus 
(jUs) and Muscardine {AL avellannrius) similar follicular glands 
are aggregated round a dilated terjuination of the (csopliagus, or 
cardiac, commencement C)f the stomach, like the ‘ provcntriculus ' 
of birds,* Wc have liere a repetition of the structure noted in 
the Wombat. 

In tlie Cape Mole {Bathycr(fus) the abdominal msophagus is 
an inch in length and terminates midway bctweei\ the two ends 
of the stomaeli. The right compartment is of enormous sI/an 
elongated and pierced at its base by the cardiac orifice ; the Iclt 
* xx.'vol. L p. 181, No. fiOO a. 
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coinpattHient is of smaller dimensions, of a globular form, and 
separated from the preceding, both by an external constriction 
and an internal fold of the rnncoiis membrane. Inhere arc, more- 
over, two additional folds nearer to the pylorus, which seem 
to form a third compartment. The Oryctere {Ori/cteriis) has its 
stomach slightly diflerent ; its positmn is more longitudinal, so 
that Ihc left compartment is anterior, and the riglit posterior; 
the pyloric portion is short, cylindrical, and directed forward. 

In Capromys Foiirnieri the msophagus, after a short course in 
the abdomen, terminates in a stomacli six inches long, about 2\ 
inches from the left end : a pouch of the same extent is con- 
tinued from the right of the pylorus, which is situated inches 
to the right of the cjrdia. 

Jn th(5 Coy|)ii {^^yopotannts) the stomach closely resembles 
that of anpromyn^ being of an oblong ligure, both extremities 
having {)rctty nearly the same volume; the cardiac extremity 
projects three inches beyond the entrance of the narrow ocso- 
]>hagus, and the jiylorio sacculus, a little more than two beyond 
the |)ylorie orifi(;e. ^I'he stomacli, measured in a straight line from 
end to end, is T j inches ; its greatest dc])th 4^- inches. 

In the Agouti { DfiHj/prortd atjouti)^ with a stomach 5-^- inches 
long, the constriction dividing it into cardiac and pyloric por- 
tions is deej) : the latter bulges out on each side the pylorus so 
as to make the duodenum commence fiom a central depres- 
sion. The Paca { Cocloyenys) shows tin; same structure. In aii 
A(M)uchi tli(^ gastric constriction was not present or had relaxed, 
[ n the ( ■apyl)ara the abdominal a?so])hagus is two inches in extent : 
the greater curvature of the stomach is sometimes found puckered 
into sacculi l>y contraction of a hand of longitudinal fibres. 

In the llahhit and Hare { LepuSy Lin.) the stomach is roundish, 
bent ill a quick curve*, with the a\sophagiis entering nearer the 
left or groat end than the pyloric*, end : the left end adheres to 
l)art of the abdominal msophagus: it is usually found partially 
constructed into two coni])artmcnts, the pyloric being the thickest 
and most muscular. The sides of this division have a well-marked 
tendinous patch. 

14ie intestinal canal usuall)s in Kodents, begins by a well-marked 
dilatation, and tlie whole duodenum is more continuously and 
loosely suspended than in most higher Mammals, In the Dormice 
( Myoxus) which by bernate like the hear, there is no ciecum. In the 
common Mouse and Hat fig. 317) the caecum, /c, /, is short, 

wiile, and bent ; the colon, />, reduced to thcc calibre of the ileum, 
leaves the caecum, like the duodenum quitting the stomacli. The 
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faeces begin to be divided in the colon, by constrictions of the gut, 
as in the figure : the rectum runs sonic way along the base of the 
tail before terminating. The small intestines are five times the 
length of the body, the large intestines once that length. In 

the Mole-rat [liathyergus) tlie ciecum 
makes a close spiral turn, and its inner 
membrane is augmented by many trans- 
verse folds. The cnecum is of greater 
length in the Set nr idee: in the common 
Scluirrcl it is curved, fig. 320, c, and 
divided from the colon, e, by a constric- 
tion close to the termination of the ileum. 
The colon is wider i^t its commencement 
than in the Rats, and the whole intes- 
tinal canal is longer. In Scliirus yrhens 
the small intestines are seven times, the 
large intestines twice, the length of the 
body; the ciecuni is half that length. 
In the Hamster the colon describes two 
direct and two reflected spiral coils at 
its commencement, ilecrcasing in calibre, 
and then jirocceds, of* nearly tlic same 
diameter as the ileum, to terminate iu 
the rectum.^ In the Marmots {Aretomijs) 
the duodenum jiasses loosely down the 
right side until its attachment, by a 
mesentery from its eoncavity, to the first 
bend of the colon, behind which it winds 
to the left; and after an attachment to the 
descending colon by serous layers from 
its convexity, becomes jejunum. Tlie 

Cfrcuni of iiic Scjiiirn), r.Nxw. , , 

long and large ctccum has a mesentery ; 
its inner surface is multiplied by circular folds, indicated outwardly 
by constrictions which led Hunter to compare it ‘ to a quilted pet- 
ticoat.’^ The indication of the low grade or affinities yielded by 
the termination of the intestines, is thus noted in the present 
Lissencephalaii: — ‘The rectum cannot be said to terminate at the 
verge of the anus ; but about three-quarters of an inch higher uj), 
that lower part seems common to the anus and to a glandular api>a- 
ratus whose ducts open into it. It is something like the common 
vagina to the bladder and uterus in fowls.’’* In Capromys the ileum 

* cxxii". xxiii. p. 131, pi. XV. * ccxxxvi. vol. ii. p. 212. 

^ lb. p. 243. 
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applies an expanded termination to a much smaller orifice at the 
side of tlie ctecum : the part so included forming the valve. Tlie 
length of the cajcum is thirteen inches : its widest circumference 
six inches : its parietes arc puckered up by two longitudinal mus- 
cular bands, one of which is continued a short way upon the colon. 
The cajcum is marked off from the colon by a valvular structure 
similar to tliat at the end of the iletun ; the two orifices of the blind 
gut being analogous to the cardia and pylorus of the stomach.^ 

In the Coypu the duodenum commences with so large a dila- 
tation that it j)rojects toward the (esophagus like a caecum ; its 
circumference here was 4i inches; the decrease is gradual, 
and Avhere the biliary duct enters the circumference is three 
inches, and a little distaiu'e below this 2|. The length of the 
small intestines is sixteen feet, their mean circumference 1 J inches. 
The cieciim is large, making a circular turn at its base and 
gradually diminishing in volume : it is puckered into sacculi by 
two muscular bauds, less defined toward tlie basal part: its 
length is one (‘oot ten iiudies, its greatest circumfereiioe eight 
inches. The ileum terminates in a sort of sacculus at the base of 
the cicciim, close to the (Milon. This gut begins large, but gradu- 
n 11 y becomes narrow: it is slightly sa(‘(?ulalod for a short dis- 
tance; its mean circiimferciu'e 2^1 inc^hes. The colon makes an 
al)ru[)t turn from tlui cieciim, and after a course of one foot five 
inches suddenly folds iijKm itself, the ndlectod length running 
dou ri for the distance of eleven inches, wdicri it turns as suddenly 
hack again, but docs not adhere so closely to the previous fold as 
that to the first length ; it then contracts and soon proceeds to 
constitute the rcetiiin. Near the end of the first loose fold, as in 
Viipnmysi^ the feces begin to assume a solid form in separate 
oval nnisses. The total length of the largo intestines was four 
feet four inches. The enormous ciecum of the Capybara occu- 
]»ies almost the jiostcrior half of the abdomen. 

The jiarallel course of the arteries along the coats of the colon 
in Ilystricidce^ ClihirhillidtCj and Ctenowt/idaiy connected at dis- 
tant intervals by transverse branches, without other ram ifi cat ion, 
is worthy of remark,^ In the I\)rcupine the ciecal sacculi are 
puckered njion three longitudinal bands, two of wbi(^h are con- 
tinued some way along the cohm. In the Chinchilla the sacculi 
] )!•()] ect alternately from ojiposite sides of the ciecum. The above- 
defined general form of large intestines in vegetarian rodents is 
excnijilified in fig. 321, from the AVnter-volc. Here the ileum 

‘ exxx", p. 70, €t srq. lor furllicr details of the alimentary canal of this rare rodent. 

XX. vol. i. p. 215, No. 72y, c, cxxxj". p. 22, pi. t. 
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terminates at the base of the sacculate ca?cum, n; the slender ter- 
mination, y, simulates a vermiform appendage: the colon begins 
by a pair of large sacciili, r, but quickly contracts to the calibre 

shown at s. Two oval 
pat clics are here, as usual, 

i-Jt tlK Arvii'-«l.i .iini'hiJ'ia.a. rwn'. |.| . ' ‘T', 

like the veriniiorm ap- 
pendage in jVIau. Tliroe longitudinal bands extend upon the 
colon ; but two of these become blended together as that gut con- 


{.<1 tilt Arvii'ol.i .nni'hil'Ml.a, 



tracts, and the sacciili {)rqject from one side only, in which the 
fecal contents begin to be moulded into the pellet-shaped excre- 
ment. After the (‘olon has conqdcted its first long ftdd, returning 
to near its commeneement, the sacculi disappear. 

Besides the analogy already noted between the orifices of tlic 
cjccum and those of the stomach, that of the different diameters of 
the entering and out-going tubes may be observed. Comparative 
anatomy concurs with results of undesigned experiments, as in 
cases wdicrc artificial openings have been establisbed in the 
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Ininian intestinal canal, in showing that a change to gaKStric diges- 
tion is repeated upon the food in the cscciim : chemistry has, also, 
shown that the chyme here again becomes acidified, after having 
been neutralised by bile in the small intestines. 

§ 'A27, AUmmttrrif canal of Insect Ivor a , — In this, as in preceding 
orders, the (esophagus is usually prolonged some way into tlie 
abdomen before its termination. ^My examinations of the stomach 
ill the ditferent insectivorous genera lead me to generalise an ap- 
proximate, rather than a remote, relative position of the cardiac 
and jiyloric orifices : * the form of this viscus, in most, accords 
with that in Ornithorhynchus, fig. 

,‘K)8, />. In a Proboscis-shrew, e.g. 

( lihi/ncliocifon,, Peters), the d(?pth, or 
diameter of the stomach in the axis 
uf the abdomen, exceeds the hmgth, 
or tninsvcrse diameter : the cardiac 
end does not l)iilge ont to the hdt of 
llic gullet so much as in Ro(h‘nfia \ hut 
tiu'rc is usually an expansion beyoml 
and to the right of the ])v lorus, and the 
jn’oximity of that orifice to the car- 
(li;i leaves but a short tract answer- 
ing to the ‘lesser curvature’ of the 
stomach, fig. 32.3, s. The form of 

I . * • c'i t I f 1 • li vt r, \i*„ Kliyii(.'hi)r.vMn. ;,xx\iv 

tins viscus in Solenoaon^ Amp/itsorex, 

Ih/drosorex fodiens, and Cladobates, is very similar to tlnit in 
J{ht/iH hoci/on : in all Insert irora tin? duodenum exjiands to much 
nimc than the diaMu*ter of tlie <rsophagus. In our small native 
Shrews tlic shaiie of the stomach depends much ujum the 
(piantity it haj)|)en.s to hold, and the transverse extent prevails 
most ill the empty state. In Sorex aranens the cardiac sac pro- 
jeirts moderately beyond the (esophagus; in S, lencodon, Hydro- 
sorex kernuinni and Ampidsorex tetrayonurus^ the cardiac sac as- 
sumes almost rodent jiroportious : in many Shrews the contracted 
pyloric part of the stomach is mueh prolonged. 

In the Hedgohog the transverse length of the stomach pr('- 
vails over the dc])th : the blind ciid to the left is less produced 
than in the ahovci-uamed Shrews : the coats of the narrow pyloric 
end are thick.'^ 

* ‘ II ost geiieralemcnl tmvorfi, plus o(i uioiiis aloupe daiis oe sons, avor 

l‘ s orifioos distants.’ xii. forno iv. p. IM. Soo also i.xiii''. p. 1002. 

* Ifunlor notos that, ho found in tho Hl4>niaohs of Hodprhops, in prnhs, 

wii h a litt.lo iinolu'wod grass; in May, .luiio, July, and Aupn.st, ‘ tlic insrots of tin* 
soason,’ and caterpillars of tlio cabbage (Pieris Brasdr<f')\ in 8eptcmber and October, 
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In the Mole the abdominal a?sophagns is long and enters the 
stomach midway between tlie two ends : the cavity, wlien distended 
with the worms and grubs devoured by this voracious burrow’^er, 

‘ fills nearly half of the abdomen.’ * In the Tenrccs ( Centetes) the 
cardia and pylorus are further apart than in most Jnsectivora : the 
cardiac sac is less prominent ; the pyloric end is bent u|)on itself. 

As a rule the intestinal canal is uniform in diameter, and devoid 
of ciecum in the present order: it is loosely suspended on one con- 
tinued peritoneal fold from the beginning of the duodenum to the 
rectum. In the common Shrews, fig. 35t), the intestine is about 
four times the length of the body ; in the Hedgehog about six 

limes, in the jNIoIc seven times, that 
length. The Tupaias and some of 
the snouted-shrews are exceptions : 
in the former ( Cladohates) the c:ecum 
is simple, straight, about an inch in 
lengtli, not wider than tlic major 
part of the colon; and but little 
wider than the ileum. Macrosco 
Udesi has a long, slender, pedunculate 
ciecuin. In Idn/nchocjfon^ the caMMiin, 
fig. .324, r, is about 3 inches loJig, and 
is twice the width of the ileum, ib. L 
The colon, of similar diameter with 
the ca?cum, forms a short double bend, 
r, r, returning upon itself, before it 
is continued on into the narrow por- 
tion ending in the rectum. 

The lining membrane of the Mole’s intestine is disposed, 
along part of the canal, in close-set longitudinal folds; but is re- 
markable for its sinootliness and absence of visible villi. The 
mucous membrane of the Hedgehog’s intestine is beset with 
minute flat, conical villi, changing toward the end of the canal 
into a fine reticulate surface. 

§ 328. Alimentary canal of Cheiroptera , — The Cheiroptera 
present three forms of stomach ; one rehititig to vegetable diet, 
another to the times of taking the food and to the rpiantity tak(^n, 
a third to the ordinary capture of insects during flight. The latter 
relation, which prevails in the order, is associated with a form of 

clytrae, wings} and leg? of inserts, including those of the ^carabmts and of Grotnijns 
Merciwarius \ from November oiiwani to March — the bybernating season — there was 
no food in the stomacb, oiiJy a little creamy mucus, ccxxxvi. vol. ii. p. 193. 

1 Ib. p. 187. 



r.'i-c'uni aii'.l ojlori. I'pt’io.^sriilian ftlirow. 

L.WXIV'. 
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stomach, resembling that in the common Shrew. In fig. 325, the 
cavity has been inverted, showing the rugte and the glandular 
character of the gastric membrane at the pyloric end. The differ- 
ence in the diameters of the cesophagus and duo- 
denum are also shown. In the Noctiile a small 
part of the right end of the stomach projects be- 
yond the pylorus. In Plecotiis communis the left 
end of the stomach becomes somewhat attenuate<l 
and bent up. In the Vampires {Desmodus) the 
cardiac portion is produced into a long intestini- 
fbrm reservoir,* in whic^h the blood is Moored up, 
that may have been sucked during a night’s adventure, and 
transported for tligestion in the place of repose. In the Ptero- 
[anes the left end of the stomach, fig. 326, is much |)rodii(tcd, but 
in a far less degree, than in Desmodus. It is sometimes found, in 
the partially distended state, divided into two dilatations: the 
extreme one smooth; the other, nearer the cardia, showing rugie 
longitudinally disposed: the (esophagus in these frugivorous Bats 
is wide and expands near its termination. To the right of this 
expansion the stomach is long and narrow, bent upon itself, and 
produced into a ciecal j)ouch beyond the pylorus, whi(ih is 
extremely small. The intestinal canal is usually devoid of 
ciecum ; but the colon begins 
with one about a quarter of 
an inch in length, in Ithi^ 
no pom a 1 Ifirdwichii and 

Meyadvrma spasma. The 
whole intestine is bax’ely 
thiicc the length of the 
body in Vespvrtilio inuri- 

• .. . Stojnin li I'f PtcTopuA. -N.wiii, 

ims: m a I ter opus it is 

neaviy seven times tliat length. The intestinal villi in some Bats 
are close-set foliaceous processes, ami form extremely beautiful 
microscopic objects when injected. In Rkinolophus the lining 
membrane presents fine transverse folds. 

The low position of the volant and terrestrial Inseciivora, as of 
Undents and Marsupials in the Mammalian series, is shown by 
the, loose and simple mode of suspension of the intestinal canal. 

§ 329. Alimentary canal of Quailrumana. — The Galeopitheei 
indicate their lemuriiic affinities by their long and lar«re caicum. 
The oesophagus opens on the cardiac side of the middle of the 

* A good figure of tliis modilication, first observed by reters, will bo found in 
cxxxvi". p. 388. 



3*20 



miach 

milium Bat { V 
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small curvature; but. leaves a ^well-marked semi-oval pouch to 
the left: tlie pyloric eiul loses in calibre arid gains in tliickncss of 
its coats, the inner one projecting in wavy longitudinal folds : tlie 
pylorus is a small constriction. In a male Galeopithecus Tern- 
mhickii, measuring from the apex of the nose to the root of tlie 
tail 1 foot 4 inches, the small intestines were 4 feet 4 inches, the 
cjeoiun 1 inch, the large intestines 7 feet 7 inches.* 

In the Aye-aye the (esophagus has a course of about a third of 
an inch in the abdomen before terminating at the cardiac orifi(.‘c. 
This is situated, as in most Lemurs, nearer the pylorus than 
the cardiac end. The stomach is of a full, subglobular form : the 
jiyloric end projects about half an inch below and to the right of 
the pylorus, A narrow glistening tract of fine aponeurotic fibres 
runs jiarallel with, and a little below, the short curvature between 
the cardiac and jiyloric orifices, and from this tract the fibres of 
the outer muscular layer radiate. A narrow but well-marked 
crescentic fold projects into the cavity troni ^tlie lesser curvature, 
four lines to the right of the cardia, subsiding about an inch down 
the fore and hind walks : this fold appears even when the cavity 
is fully distended, and it marks out internally the division be- 
tween the Cj?irdiac and pyloric compartments. 44ic pylorus is a 
subcircular ap(3rturc, above which pnjjects a short thick longitu- 
dinal prominence. The dnodcnnm, after its usual curve, crosses . 
the spine below the root of the mesentery, then turns up tlie left 
side to commence the three ])i*iiicipal Iblds of the small intestine, 
on the border of the mesentery, by which, with the ciocum, tlujy 
are freely suspended. A duplicatiire of jxndtonimm is continued 
from the end of ilu) dmxlennm, and Ironi the lower part of the 
beginning of the colon, to the first lumbar vertebra, attaching 
them tliereto. The colon, after a course of 3 or 4 inches, forms 
a long narrow fold, 5 inches in length, then passes to the left, 
above and behind the root of the mesentery, and descends along 
the left lumbar and liypogastric regions to form the rectum. 

The small intestines are ratluu’ more than three times the length 
(^f the body : the ciccuin is about one-fifth that length ; measuring 
2 inches 7 lines: for the first inch it is 10 lines in diameter, but 
suddenly contracts to a diameter of 3 lines ; terminating rather 
obtusely, and resembling an appendix venniformis; but this is not 
marked oft* by any valviilur structure from the wider part of the 
ciecura, and it is c<mtiriued, as in the human ftjctus, directly from 

’ ‘ In «<over:il. .slK»t on tlie hills at Piinuij/, flu* stoinfn*Ii contninecl vcgntablo matter, 
but Jio remains of insects. In confincincjit plantains constitute the favourite food.’ 
LXXXIl". p. 8. 
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the end of tlie wider part, or ciecum j»roper. The large intestines 
are ahont I foot 10 inches in length, '^fhe colon, moderately dis- 
tended, is 1 inch 2 lines in diameter at its commencement, and 
gradually decreases in width. Beyond the first enlargements it is 
not sacculated, but is slightly puckered on a longitudinal band, 
which may be traced a few inches from the beginning of the gut, 
where two or three j) 0 uch-like protrusions appear on inflation. 
The ileo-colic a{)erture is slit-shaped, bounded by two low ridges, 
that next the Ciocuin being most produced.' 

'^riiis type of ciecum is repeated in Stenops jananicus with a longer 
and narrower ^ vermiform ’ termination : in Stenops tardigradus 


327 



CiiMMifii of dultitju yfithuli, iiat. si'/o. 


this part is shorter:’^ In 7V/r.v/f/.v,* l\rodlcticusJ- Otolicnvs^^ miS. 
the tialagos/ it is wanting, and a moderately long and wide 
cxHMun terminates obtusely, without 
contracting : in Galago calahanensis 
it is eoiuparatively short :** in Galago 
nmholl^ witli a more efficient form of 
molars for mastication, the eiecum 
is more than twii'c the length in pro- 
portion to its calibre, and it is puck- 
ered by a meseiiteriole into live or 
^^ix short folds, fig. 327. The cardiac 
l)art of the stomach is large in all 
Lemurinos, fig. 328, a: but. the py- 
loric part rarely protrudes to the right of the j>ylorus, below the 
beginning of the gut. The duodeiuini is rather shorter in true 



.Stoni.'trh nf OiUagii Mohuti, si/i*. 


* eii'. p. 42 , pi. xiv. cxxiv". p. r»0, pi. n. iijr. lo. a , xxxiii". 

* r.xxxiv". ^ i.xxxv". “ Lxxxvi". 

' I.XXXVII 1 ". pi. xi. iij?. L * cxxxrv". and cxxxv". p. 32!>, tig. i». 
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Lemurs tlian hi Galagos : the ca3eum was 7 inches long in a 
Lemur Mongoz; it was loosely suspended, as in other Lemu- 
ridoi. 


In the small Platyrhines {^MidaSy Jaeckus) the (esophagus is 
continued a short way into the abdomen, and the stomach 
resembles that in J.emuridxe : the duodenum becomes free in 
passing to the lel't. The cjecuin is of moderate length, cylindrical, 
curved: two longitudinal bands are continued from it along the 
colon. , in Jacchus vuhjnris the small intestines are twice the 
lengtli of the body, the large intestines once that length. The 
cardiac sac of the stomach is large in all Platyrhines, but the 
cardia and pylorus are less approximate ^n the liiu*g*<^i’ kinds. 
In Ateles and ^If/cetes Cuvier notes a tendency to sacculation 
along the great curvature. The cjccum is 4 inches long and 
1 inch broad in Cebus ; in Ateles it is subconical, the base being 
next the colon. In Mycetes the ciecum is jproj)Ortionally shorter, 
but retains the simple imsa(‘culatcd character. 

In Cercopithevns the msophagus, with a shortabdominalcour.se, 
opens into the stomach midway between th(j left and right (.mds : 


320 



8loin:nrlj, Ulfiti'inJi.'*! ; firms IJntiUHs. cxxxi\". 


curvature, and 1 foot along the lesser 


in Mffc(f(:us and Cynore^ 
jfhalus th(‘ left sac is i'o- 
latively less : the cluci’ 
modification is presented 
by the Doucs, or those 
tailed monkeys which 
have a fifth tubercle on 
the last lower molar, 
and arc without check- 
pouches. In a Semno- 
pi thecus en tell ns wl \ ici i 
measured I foot 8 indies 
from the mouth to the 
vent, T found the sto- 
mach, fig. 329, 2 feet 7 
inches along the greater 
curvature. To the left 


of the cardia it form.s a large and sub-bifid pouch : the middle and 


wide,st part of the stomach is puckered up into seveml large 


sacculi : the pyloric portion is long, narrow, curved and sac- 


culated along the line of the greater curvature to within one- 
third of the distance from the pylorus, where it is simple and 
grJidually contracts to that orifice : the vascularity and structure ol 
the lining membrane of the third division indicates it as the chief 
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seat of true digestion ; the wdder sacculated divisions have mainly 
a preparatory and a receptacular function : a epithelium is 
not continued into them from the oesophagus : the greatest cir- 
cumference of the dilated stomach is 1 foot. The stomach of 
the Semnopitliecus fascicularis is similarly (complex hut propor- 
tionally smaller: as are also those of Nasalis larvatm and 
Colobus ursififis; in which, as in the 
Sevmopitheciy a narrow band of longi- 
tudinal fibres, continued from the left 
cud along the greater curve, puckers 
up the tunics intd the larger sacculi, a 
second bani^ along .|he lesser curvature 
eontrihuting in a minor degree to this 
complexity-^ Evidoticc of the accumu- 
lalioii and detention of vegetable food is 
afforded here, as in liujyLiinants, fey occa- 
sional ^ bezoar ’ COncrUtionSt OKcmn. CcrcotnthemKsHbavs. cxxii 

The stomach resuiries its simple form in tailless aj)es; in which 
the left end is IckSS prominent than in Macaci, and tlic lesser 
curvature is of greater extent; the pyloric division is lojager, 
and the entire form less globular: in the Orang t|^ pyloric 
division shows a rather abrupt bend. 

The lining membrane of the stomach 
when in a moderately distended ktatc 
is devoid of ruga', in all Apes; and 
the small intestines arc without 
transverse tolds of the mucous niem- 
hrane. The cicciim in Catarhines 
is always shorter than in IMaty- 
rhines, is usually wider and more 
or less sacculated. In some species 
of Cercopithecus it is jmekered up by 

four longitudinal bands, of which Ca.'nim and vonnlfomi appendage, 

, • T I I 1 IliiXuluites, cxxji'. 

three are continued along the colon : 

in most, the ctecum is more conical in shape than in Macacm, the 
apex being narrower and more prolonged, e. g. Cere. Sabteus, 
fig. 330. In Hi/lobates, fig. 331, the vermiform appendage re- 
appears; it is terminal, and in some species short-; but is more 

* This typo of qiuKlrumanous stomach was discovered hi an mulct ermiiied kind of 
monkey by Wurmb, in 1785 ; and, independently, by Otto, in a supposed Cercopi’ 
(keens in 1824, and described in cxxxvii'': it was determined to bo characteristic of 
the natural group, including the genera SemnopithecttSi Kasa/ist and Cololms, in 
cxxxvjTi", cxxxix'', cxjl", and cxli". 

VOL. III. 
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difterehtiatcd such by it» glandular tunic and marked coin- 
tiVemceinent ,thati "in Lemuridati the appendix is terminal, but is 
long and convolute in the Orangs (Pitfiems) : in the Chimpan- 
zees ( I'roijkfUytes) there is a more marked constriction between 
the appendix and the caecum. The colon is sacculated and mo- 
dcraicly long in all Catarhiiies: it is loosely suspended by a 
broad mesocolon, and only in tailless apes does the ciecum begin 
to adhere, tlm>ngh an incomplete peritoneal investment, to the 
right hy^pbgastric region. 

§ Alimentarif canal of Bhnana . — Idle chief characters of 
4he canal in this order are the termination of the gullet almost as 
- soon as ij^. has entered the ah- 

" doinen ; the more extensive 


Stomacli and intestine of rho ailuli Ifurnari 
suhj<'Ct. rM.vin". 



and closer.adhesion of parts of 
the alimentary canal, as the 
duodcnuri^, ca?cuiii, beginning 
and end Iff colon, to the abdo- 
minal wajlls, which relates to 
the erect posture ; the iiior(^ 
definite and finished character 
of the several jiarts of the canal ; 
and the modification of tlu^ 
lining membrane of the small 
intestines, called ^ valvular con- 
niventes, ’ for a more com- 
plete and efficient extraction 
of nutritious matter from the 
cliyine. 

The stomach presents a 
greater extent transversely to 
tlic abdoiinm than in Quadrii- 
mana^ and the blind left end 
(^saccusciccus/ Haller) is less 
extended and expanded than 
in Monkeys and Lemurs, the 
(esophagus opening more t<^ 
the left, and leaving a more 
extensive ^ lesser curvature/ 


fig. 332, c, p. Antliropotoiny distinguishes the ‘ cardiac orifice,’ 
fig. 333, ; tlie ^ cardiac pouch ’ or ‘ blind sac,’ ib. d ; the ‘ lesser 
curvature,’ ib. o, c, h ; the ‘ greater curvature,’ ib. d,fy c, k \ the 
" pylorkj portion,’ il>. c, h, />, r; and its orifice or "pylorus,’ 
ib. b. In a state (jf moderate distension the length of the 
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stomach averages from thirteen to"' fifteen inches; its widest 
diameter five inches; its capaeity five pints. It extends almost 
transversely across the upper (in Man) part of tlie abdomen 
from the left toward the right side, the pylorus entering the 
region called ‘ right hypochondrium as tlie stomach becomes 
distended, it gently rotates the great curvature forw^ard. The 
outer or ^ serous ’ (;oat is continued from the lesser curvature 
and contributes with the end of the gullet and beginning of 
the gut to suspend or attach the hag : from the curve rf, 
/*, c, the serous^ coat extends down to form the ^ greet omen- 
tum,’ fig. ; thus provision is made for the digestive cavity 
to encroa<di upon the interspace of the two serous layers during 



Miisciilnr Ifiiniau stuin.'icli, liivcrtol. rxi-viii". 


expansion. The muscular coat of the stomach is in three layers 
which, from the general course of the fibres, are termed ‘ lon- 
gitudinal^’ ‘transverse,’ and ‘oblujuc:’ the latter or innermost 
layer, fig, 33I>, //, (/, /', r, is partial : the other two are com- 
|)lete. The longitudinal layer, like that .of the gullet, is the 
outermost; and the fibres radiate from the cardia, becoming 
thinner as they diverge, spreading and doc ussating with the other 
fibres, and hardly traceable eontiiuioiisly to the pylorus, save 
along the lesser curvature. The transverse fibres, wliicdi lie 
immediately beneath the longitudinal, form a thicker and move 
uniform stratum : in the inverted stomach, froin wdiich the 
mucous membrane has been dissected, in fig. 333, they are the 
innermost at the pyloric end, c, c, b\ at the cardiac end they are 
lined by the layer of ‘ oblique ’ fibres. The transverse layer 
increases in thickness to the pylorus, fig. 334, the circular fibres 
or sphincter occui>ying the valvular fold of the mucous membrane, 

F F 2 
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ib, p. This membrane is usually of a pale pink colour, deeper 
tinted at the pyloric than at the cardiac portion, and produced 
into nuinerous wrinkled folds or ^ruga?,’ which 
are not so soon effaced, under distension, as in 
the quadvumanous stomach. The ^ basal ’ part 
of the ineinbrane is areolar or cellular tissue, 
connecting it to the iniiscular coat; it also 
supports the vessels and nerves, forms the 
cylinders of the gastric tubules, and is covered 
by a delicate epithelial laye# of the columnar 
kind. The gastric tubules, fig. 337, are cylin- 
ders of the basal membrane, packed vertically 
side by side, and filled by colls : their inserted 
end, dy is <4oscd t' tlmy expand slightly before reaching the free 
surface of the inenibi*ane, where their margins become eontiiiuoiis 
Avith each other, sq as to fonn a series of low ridges, 4he height and 
width of Avliich vary somewhat in diftcrent parts of the stomach. 
The length of |^esc tubes is about T,Vth of an inch at the middle ol’ 
the organ, almost double that length at the pyloric portion, and 
half that length at the cardiac region, — a difference causing the 
different thickness of the mucous membrane in these parts of the 
cavity. Their diameter is about ^i^th of an inch, and is a little 
increased in the pyloric ones : in some of these, l)lind processes arc 
continued from the inserted end ; as commonly seen in the Dog, 
fig. 349. Toward the outlet the tubule is occupied by ‘ columnar 

epithelial cells,’ fig. 337, c: 
the deeper ])()rtion is filled hy 
oval nucleate cells, attaining 
in some cases -j-^Voth of an 
inch in diameter, ib., /;. The 
tubules are connected together 
by a finely fibrous form of 
areolar tissue, in which their 
blind ends, or branches, are 
imbedded. 

I’he principal arteries of the 
stomach, derived from the ^ con- 
liac axis,’ are the ^ arteriacoro- 
naria ventriciili,’ fig. 335, (h 
which courses along the lesser curvature ; the ^ gastro-duodenalis,’ d, 
which gives off the ^ artcria pylorica,’ ff ; the ^ gastro-epiploica,’ 

‘ 4extra,’ <?, and ‘ sinistra,’ i. The branches of all these arteries 
have a tortuous course and* freely inosculate ; their ramiili per- 
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forate the muscular coat and form, with the veins, an expanse 
of network, fig. 336, 6% in the loose 337 • 


submucous areolar tissue: the capil- 
laries, il). r/, penetrate the gastro-mu- 
cous coat, their ultimate br«anches, of 
from TsVoth to -f fj^ooth of an inch in 
(liam., ib. r/, passing vertically along or 
between the walls of the gastric tubes 
to their outlets, where they form a fine 
superficial netwcifk, b : from this the 


330 
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veins commence, and return by the vertical canals, c, c, to the sub- 
mu cons network, c. 

The ])rodiict of the tubules, called ‘gastric juice,’ is a limpid 
fluid of a pale straw colour, acidulated by hydrochloric acid, and 
also t)y lactic acid (unless this be a secondary result of analysis): 
its peculiar organic primnplc, called ‘ pepsin,’ contains about two 
per cent, more nitrogen than the ordinary protcine compounds. If 
dilute hydrochloric iicul be added to a solution of pepsin in cold 
water, the licpnd exercises solvent powers over organic substances, 
especially animal ones, and a kind of artificial gastric juice is thus 
tiroduced. The natural gastric juice exercises a coagulative and 
alterative as well as solvent power upon tlie food, and ‘ digests ’ 
or converts it into chyme. 

The canal which receives the chyme, called ‘ small intestine,’ 
extends from the pylorus, fig. 332, v, to the caecum, C C : it is 
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nbout 20 feet iii length anil 1 ^ inches in diameter.' Its hegianing, 
33o, /, curves Outwiird and backward to the under surface of 
the right lobe of the liver, and has an entire investment of 
peritoneum : the gut descends along the inner border of the 
right kidney, where the j)osterior wall is left uncovered by the 
j>eritoneuin, and is attached by cellular tissue to the subjacent 
])sirts : it then crosses below the pancreas, be- 
hind the stonia(‘h, to the left, having a partial 
covering of peritoneum, and only regains 
tlie entire serous coat wlujrc it emerges to 
form the beginning of the next part of the 
small intestine. This is termed ‘jejunum,’ 
tig. 33*i, .1, from its usual emptiness, and the 
rest of the tube is ‘ ileum,’ ib. I : these con- 
volutions ard suspended up^ the duplica- 
tnre of peritoneupi called ‘ mese'ntery.’ The 
imiscular tunic of tlu^ intestine consists of an 
outer longitudinal and an inner transverse or 
cirmilar stratum ; both layers being soine- 
wjiat stronger in the duodenum. The mu- 
cous membrane begins, in the Kseeond portiiui 
vaivuia coimivrnte.v Hon.aii duodciium, to 1)0 disiiosod ill trausversc 

small lutesUno. cxLViii". ii i i i 1.41 

tolds called by the old .Antliropotonnsis 
‘ valvuhe connivcrites,’ tig. 338, as tending to impede, while, at the 

same time, conniving at, the jiassage of 
the chyme; but, in truth, extendinglhc 
to which tlie chyme adheres in 
Jiroeess of eliniinatioii of the chyle : 
their direction at riglit angles to the 
course of peristalsis not only checks 
f llms f I ^ passage but insures the admixture 

III various constituents of the chyme. 

mWWSiiWmmM alterative and absorbent surface 

^ of tlie small intestine is further aug- 

mented, as in most Mammals, by the 
I " "V minute tilarnentary processes whii^h, 

giving the free surface a velvety cha- 
racier, are termed ‘ villi.’ In the mag- 
soctionof iiinmiMjijn.rum: nified sGction of tlio iiitestiiial tunics, 

di«n. «ELviii". ^ submu- 

cous areolar tissue, e transverse fibres, jf longitudinal fibres of the 

* The lengt.li ot the body from the vortex to the vont, not to the hool, is tliiirt which 
slionh! T»c! taken for o.oin|iari.son of proportion a to length of the intestineH in Man with 
those of Imites recorded in the ‘ Tables ’ of xn, tome iv. pp. 182-208. 
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muscular coat; iu fig. 341 the serous coat is marked g. In the 
interspaces of the villi minute pores may be seen by the aid 
of the lens : they are the outlets of the ‘ intestinal tubules,’ figs. 
339, 341, i. Like those of the stomach they are hollow cylinders, 
fig. 340, closed at the ends, e, which arc buried in the ai*eolo- 



InU'tftiiKil tuhos from flio j.'juiuuu nmtrn. Inlcftthml folliclr in vertical w'dciIoii ; iiiagn. 

Hodiain. rxM-in''. 4oai:im. cxi.viii". 

fibrous tissue: their length is about five times tlieir width, which 
Jiveragcs 3 nth of an inch ; their proper wall consists of nucleated 
coluiunar cells, their luoitths </, open into the area of the 

gilt: their contents are a clear fluid and minute granules. Each 
villus is covered by an epithelium of columnar cells inclosing 
a iiarenchyme, with traces of unstripod muscular fibre, the corn- 
inenccmciit of the lacteal absorbents, and a rich supply of 
capillary vessels. From the analogy of the gastric tubules it 
may be concluded tliat the intestinal ones continue the sol- 
vent and alterative operations on the chyme. Other arrange- 
ments of secreting suiface relate to the furnishing of lubri- 
eating mucus for aecessoiT offices: these are noted as the 
‘follicles,’ They are either ^ solitary,’ fig. 341, z, or in groups, 
termed ‘ agihinate,’ fig. 342, and such patches appear to be bare 
of villi. The size and structure of the follicle^ arc the same 
under both arrangements : they are considerably larger than the 
intestinal tubules, fig, 341, the follicle, A, expands as it sinks 
uito the submucous tissue, rf, and its broad base is usually 
applied to the muscular coat, e. The follicles are filled with an 
albuinino-miicous pulp. Fig. 342 gives a moderately magnified 
view of a patch of ‘ agminate follicles/ of which patches about a 
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score ttiay be found in the tract of the small intestine, situated 
opposite the line of attachment of the mesentery, and most nu- 
merous in the ileum, where the intestinal' contents become less 

dilute : rarely are any seen in the duo- 
denum. Viewed with a higher power, 
as in fig. 343, the follicular orifice, is 
surrounded by a circle of pores of the 
‘ intestinal tubules : ’ and in the inter- 
spaces of the clustered follicles project 
short obtuse conical villi, J, of so much 
smaller size than the ordinnry ones as 
to make the patch appear bare. The 
looped capillaries of the follicle come 
off from vessels encircling their cap- 
sule. 

The * racemose glands/ fig. 343, c, 
ai^ peculiar to the duodenum, and most 
nHinerous at its commencement where 
they form a circular layer Just lieyoiul 
the pylorus. Here each gland is about 
j| .rth of an incli indiameter. The duct 
at the areolo-fibrous base of the intesti- 
nal glands, fig. 344, a, divides and sub- 
divides in the thick submucous tissue, 
and ultimately terminates, or receives the secretion of numerous 
xSiibglolnilar or polyhedral follicles, averaging iiioth of an inch 
in diameter: these answer to what are 
termed the ‘acini’ in larger glands: the 
nature of their secretion has not been de- 
termined: it, probably, resembles the pan- 
creatic from analogy of structure. 

The ileum terminates in the side of the 
beginning of the large intestine leaving a 
short and wide sacculated ‘ caiciim ’ from 
near the end of which is sent off a slender 
‘ vermiform appendage,’ iig. 332, c c. The 
human ctecuin is further characterised by its fixed position ; having 
only a partial covering of peritoneum, which passing off from 
its fore part binds it down to the ‘iliacus internus’ muscle to 
which its noTi-serous surface is connected by areolar tissue and 
fascia. The intestine, as it rises from the csecum, is called 
^ C(don ’ or ‘ ascending colon,’ ib. a c, and .continues, as it passes 
the right kidney and ‘ quadratus lumborum,’ to be attaclicd 
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thereto by a progressively decreasing breadth of non-seroiis wall ; 


the gut then resumes a complete 
serous coat, which passes off 
into the progressively widening 
duplicature of peritoneum, for- 
ming the ^ mesocolon : ’ nearing 
the duodenum it arches across to 
the left, TO, at the line between 
the ^ umljilical ’ and ‘ c|)igastrie. ’ 
regions of Anthropotoiny : then, 
descending ventrad of the left 
kidney and ‘ (luadratus liimbo- 
rum,’it becomes attached thereto 
by areolar tissue: it next forms 
the folds called ^ sigmoid flexure f 
ih. s F ; and, bending t<r the 
mid line, contracts and passes 


314 



as the ‘ rectum,’ n, to the vent. 
Save at this terminal portion, 
the longitudinal fil)res of the 
large intestine are specially ag- 



gregated along three nearly 


ll:ii'i*iiiose : Uuin.'in iluoitrimm ; mugti. 40 
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equidistant tracts, one of which 

runs along the line of attachment of the mesocolon : these ^ bands ’ 


are nearly one-half shorter than the entire 
gut, and consequently pucker it up into 
saccnii. They commence at the setting 
on of the vermiform appendage and <li- 
verge therefrom to their positions on the 
cajcum and colon : at the sigmoid flexure 
they begin to expand and form, with added 
fibres, a strong continuous longitudinal 
stratum upon the rectum. The circulai' 
fibres, uniformly thin and feeble upon 
the colon, are thickened round the rectum. 
The human ^ vermiform appendage,’ fig. 

.'A Is commonly from 4 to 5 inches 
in length : its diameter is about ^ of an 
inch : the follicular glands are so nume- 
rous as to constitute sometimes a conti- 
nuous layer. The ileum, ib. a, opens by 
a transverse slit into the inner or mesial 



Tier uni ainl lleo-rux'al vjilvr. oalviii' 


side of the cajcum, c: the opening being defended by a pair 


442 


ANATOMY OP VERTEBRATES. 


of semilunar valvular folds, of which the lower, /*, is the * ileo- 
caical/ the upper, <?, the Mleo-eoUc ’ valve. A transverse con- 
striction, (L usually marks the boundary between cjecuni and 

colon. In the apes and all 
lower quadruniana the ileo-eieeal 
orifice and valve are circular. 
The mucous membrane of the 
eaKmin and colon is the seat of 
both intestinal tubules and fol- 
licles : the latter are chiefly pre- 
sent in that of the rectum, which 
is disposed in numerous folds. 
Although this gut appears 
straight in a front vieAv, it fol- 
lows, in Alan, the curve of the 
pelvis Cjavity, throiigli which it 
passes, as shown in the side view, 
fig. 346. The peritoneum is re- 
flected from its up|)er third, fonn- 
iug the ^ re(!to vesical ■ pouch, ih. 
r, v\ and the rest of the gut Is 
Hainan Ok. w [jy Ordinary areolar 

^ tissue to the surrounding jwirt. 

Anthroi)otorny accordingly distingiii.she.s, in the rectum, an upper 
or ‘ oblii|uc segment,’ . 9 , r 1 : a middle or ‘ arcuate segment,’ r 2 , and 
a ^ terminal jiortioh,’ r 3: inclosed at the end by the ‘ sphincter 
ani,’ y, n, 

§ 331. Alimentary canal of Carnivora . — In this group the di- 
gestive system is adajited, as a rule, exclusively lor animal diet. 

The msojhagus is usually 
wide. The muscular fibres 
are arranged in an external 
longitudinal and an internal 
transverse layer: but, in the 
Lion, a third layer of longi- 
tudinal fibres is applied to 
the inner side of the circular 
ones at the terminal part ot 
the tube: they arc separated 
from the circular fibres by 

biuniiicli of iIjc Mon. ^ , j 

loose areolar tissue ; ana are 
clQsely attached to the lining membrane of the oesophagus, 
which they, here, pucker up into numerous narrow alternating 
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transverse rugae. The stomach of the Lion, fig. 347, shows its 
comiiiou form in tlie order: it is chiefly elongated front right 
to leit ; but lies less transversely to the abdomen than in Mai»: the 
cardia, n, and pylorus, arc wide apart: there is but a small 
extent of ‘ blind sac,’ rf, to the left of the cardia, and the pyloric 
end, 6', i, is bent abru})tly and closely upon the middle of the 
stomach. The longitudinal fibres of the muscular coat form a 
strong band along tlie lesser curvature : the rugtc of the inner 
coat affect a longitudinal course: the })yl()nc valve is less promi- 
nent than in man. The branches from the ‘ arteria coronaria 
ventriciili’ pass some way down the front wall before penetrating 
the gastric coats ; not entering at the lesser curvature, as In Man. 
In all FvUdtv the jn lorus is suspended hy a duplicatiire of peri- 
tonemn, and the duodennui has the same loose attachment, to its 
termination, w hich becomes m<jire closely tied to the v(?rtebral body. 
The mesentery again c'xpands tcj^ suspend th6 rest of the small in- 
testines. In a full grow^n Lion those measured 1 8 feet, w ith a uni- 
form eircjimfercnce of 2| inches. The ciecum w^as 2 inches long: 
it is simple and conical, fig. 348: the 
length of the large intestines was 2 feet 10 
inches: tlu? colon soon gains a (dreum- 
ference of 4 inches. The muscular coat 
of the intestines is thick throughout. The 
terminal orifice of the ileum is circular, 
and situated on a valvular prominence of 
tlie same form. The a})ex of the civciun 
is a cluster of intestinal follicles. 

The lining ’membrane of the small intestine has fine and close- 
set villi in the Lion; they arc longer and coarser in the Bear, and 
seem to be rather flattened than cylindrical. In contracted parts 
of the tube the lining membrane is thrown into longitudinal 
rugie: the agmirtate follicles form long longitudinal tracts in the 
Bion. In the Ilytena the ciccuin is about twdee the length of that 
in the Lion, relatively* 

In the Dog the gullet extends about twm inches beyond the 
diaphragm before terminating in the stomach. The duodenum is 
loosely suspended by a mesentery, except at its transit across the 
vertebrae to become jejunum. The cajcurn is relatively longer 
than in the Hyaena, and after a short course is folded or curved. 
The intestinal canal is longer and narrower in the Dog than in the 
Wolf, and the egeenm in the latter is curved from its origin : it has 
three coils in the Fox. 

The ruga» of the gastric membrane are numerous and w^dl- 
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markcd in the contracted stomach of the Dog. Microscopic in- 
vestigation of the gastro-niucous coat has shown tlie tubules to 
be mtrc commonly subdivided at their blind ends tlian in Man. 
In fig. A is a tubule from the cardiac half, and B one from 
the pyloric portion, of a Dog’s stomach : h the columnar epithe- 
349 thelkim; c the sub-sacculate 



branches oFthe pyloric tubules. 
The intestinal mucous mem- 
brane is finely villous. Fig, 
.‘ioO shows a magnified view of 

350 



(iniitric liihuicit, iJuu'.’S .•ituniaoh, magii. (tftdinin. 
fxi.vin". 


’illtiii of llir lloMiii nf a Doif, mnffn. Ji 


one of the villi, from which the columnar epithelium, a, c, is 
partly detached ; rf, c, are columnar cells, more magnified, sliowing 
the nucleus. Some of the Civet tribe have a stomach of a fuller 



Stomach, dtt(Klciittni> uttd yaocreai^, SuricaU; t itat. alzc 


form. In the Suricate (/(//- 
zatna tetradactyla) the eso- 
phagus, fig. 351, AT, runs half 
an inch into the abdomen 
before ending in the stomach, 
about half an inch from the 
left end, ib, 4.. The epitlielial 
lining of the gullet terminates 
abruptly, as in all Carnivora^ 
at the cardiac orifice. The 
stomach is of a full oval 
shape, maintaining much 
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width to near the pyloric end, c, which is too short to be bent. 
Tfie duodenum, rf, rf, makes large curve, and is a loose intestine, 
with a meso-duodenum which becomes shorter as it approaches 
the spine at the lower end of the curve: 
it is continued into the jejunum before 
crossing the spine. The biliary and pan- 
creatic ducts, rf, terminate about an inch 
from the pylorus. The length of the small 
intestines is 3 feet 2 inches, with a general 
circumference of one inch, 'i'hc cjeciim, 
fig. 3^2, c, is an inch in length, rather con- 
tracted at the neck, with an obtuse blind 
end : this is occupied by a patch of agmi- 
nate follicles: a larger parch is at the end 
of tlie ileum, ib. a : the ilco-colic orifice 
and valve, &, sire circular. The colon, rf, is 
continued almost straight to the vent, c: 
the length of the large intestine ivas but 
6 inches. 

The Musteline, Subursine and Ursine 
Carnivora are, as a rule, devoid of cajcum. 

Ill the Martin (Mustela inartes) the intesti- 
nal canal is three and a half times the 
length of the body. In the (3tter the great and small curves 
of the stomach appear angular through the abruptness of the 
heiul of the pyloric upon the cardiac part. The intestinal canal 
is relatively longer in Enhydra than in Lutra. In the Racoon 
the heirinning of the colon is indicated bv a slight enlargement 
and circular fold of the lining membrane, not jiroduced so as to 
form a valve. In a Jienturong (^Tefides) I found a cnecal pro- 
jection of half an inch in length at the beginning of a large 
intestine two feet in length : the small intestines were seven 
feet long; the length of the animal, exclusive of tail, was two 
feet. The stomacli of Ailurus is subglobular, with terminal 
orifices ; the narrow, termination of the pyloric part has a thick 
mucous membrane. In the Rear there is a more marked blind 
sac at the left end ; both muscular and mucous coats are tliick. 
The villi of tlie small intestine are longer and coarser tluin in the 
Lion. In Ursidm the entire intestines are about twelve times the 
length of the body ; in Felidm from three to four times ; in Fi- 
verridee from four to six times : the longest in this family being 
in the frugivorous Palm-cats (Paradoxurus.) 

In the common Seal {Phoca vitulina, L.) the oesophagus opens 
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widdy into tho left end of the stomach, leaving no blind sac 
there : the pyloric end is bent acutgW on the rest of the cavity : 
the pylorus is very small and is d'elenxled above by a valvular 
l>roniinence, giving the opening a crescentic form ; the diameter of 
the pylorus is \ fin inch, while that of the cardia is 1^ inch. The 
duodenum descends abruptly from the pylorus, and is connected 
by a continuation of peritoneum xvith the pyloric end of the 
stomach. It is contracted at its origin, but soon dilates, and a 
sacculus iPforined between its muscular and mucous coats for 
the reception of the biliary and pancreatic secretions, which after- 
wards are conducted through a narrow paSwSage into the int(jstino. 
Having descended as far as the right kidney, the duodenum turns 
to the left in the iisiuil manner, but has a complete investment of 
peritoneum through its whole course: at the left side of the 
abdomen it carries forward this process of peritoneum, whicli 
forms the mesentery in the usual manner. The small intes- 
tines do not exceed 1^ inch in circumference, but their defi- 
ciency in this part of their dimension is compensated by their 
great length. The large intestines commence by a short rounti 
(isceum, which, in two instauees, was situated close to the pyloric 
end of the stomach: the greatest circiiinfercnce of the colon 
was 4 inches. The Walrus has a similar caecum. The interior 
of the stomach is smooth and without rugie; the intestines have 
the same character, in a Seal measuring 3 feet from the snout 
to the end of the hind flippers, the small intestines were 40 
feet long, the large intestines 2 feet, witli a cieciim of nearly 
one inch in length. The agminate glands run in long narrow 
strips. 

§ 332. Almentari/ citnal of Bruta. — After exceptional instances 
in the Marsupial (Macropus) and Quadrnmanoiis (Sainnopithmis) 
orders, we now begin to find complex conditions of the gastric organ 
to predominate ; the main characteristic of wliich in the present 
order is, that, when a laminate epithelium covers the linii*g 
membrane so thickly as to be comparable with cuticle, its most 
constant position is at the pyloric division of. the stomach. There 
are, however, gradations, and the Armadillos retain most of the 
preceding more simple conditions of the alimentary tube. In 
Dasypus peba^ the (esophagus, after Ihe course of .an inch in the 
abdomen, terminates in a stomach of a sul>globular form about 
If inch from the left end ; its epithelial lining ends at the cardia. 
The lining inembrano of the stomach is villous, becoming smoother 
toward the pylorus; to that part a few longitudinal ruga? at the 
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middle of the cavity converge. The muscular coat is thin at the 
Avidc cardiac end, but attains a thickness of 2 lines near the 
pylorus, and liere on each side there is a tendinous spot externally. 
A semilunar ridge defines the lower part of the pylorus ; from 
the upper part depends a protuberance: this valvular structure 
resembles that in the Seal, lleyond the pylorus is a Avcll-marked 
zone of racemose glands. In Dasf/pns (J-cinctus I found a greater 
|)ro[K)rtion of the stomach to the left of the cardia : the other 
characters were repeated. The duodenum is dilated tit its com- 
mencement and is suspended on a fold of poritonenm Avhich 
becomes narrower as the gut descends : after crossing the spine 
the fold again expands to form the mesentery of the rest of the 
intestine. After a length of from 12 to 18 feet the gut suddenfy 
expands, and here, in /), peha^ the small intestine seems to enter, 
forming a narrow circular fold within, the larger intestine. The 
fonner are smooth internally, the latter shows a few longitudinal 
rugic. In Dasypus G-cinctus" the large intestine expands into 
a pair of short, wide poaches, one on each side the insertion of 
tlie ileum. The terminal orifice of the ileum is a slit with tuiiiid 
margins on the middle of the ridge between the two ca?ca. The 
length of tlie intestinal canal is 10 feet,* 

In Oryctcropus the liifmg meiubraneof the (esophagus is smooth: 
the tube terminates at the middle of the lessor cur\atiire of the 
stonnudi : the lining membrane of the large cardiac sac is disposed 
in coarse reticulate folds, which become longitudinal toward the 
])yloric end : this is pyriform, Avith a muscular coat increasing to 
a thickness of 8 lines; the nnicoiis coat showing strong rngte, 
with an epithelium. The small intestines ar(3of unwonted length 
in the present genus, about M7 feet: the lining membrane isAA’ith- 
out folds, but is beset Avitli long and fine villi, andshoAA's five or six 
elliptic patches of agminate glands in the ileum. The civcum is 
la^twecn 4 and 5 indues in length ; the colon about 8 feet long, 
and abiujt 4 inches in circumference at the commencement.*^ 

In the Pangolins { Manh) the distinction bctAvc'en the cardiac 
and pyloric portions of the stomach is still more marked : the 
latter has acquired a greater accession of muscular fibres, and 
theJr tendinous centres'^ are externally more conspicuous: the 
structure is made the more gizzard-like by its tliic'k papillose 
cuticular lining. At the middle of the great curvature is a mass 
of complex glandular follicles, the ducts of which intercommuni- 
cate and terminate by a common orifice in the cavity of tlic 
stomach.^ The valvular protuberance above the pylorins is large. 

* cxxAnii". p. i rif). * cxux^\ p. 16. * cxr.A^u". p. 182. No. 590 c. 
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There is no cieciim. In the great Ant-eater {Myrmecophatja 
iubata) the gtoinach, fig. 353, presents a spherical form, of about 
8 inches diameter, with a smaller Stibglobular aj)pcndage, as it 
seems, ib. A, 4, of about 3 inches diameter, intervening between 
tlic main cavity, c, c, and the intestine, d. The ccsophagus, a, 

terminates near the middle 
of the upper surface of the 
main, or cardiac, portion. 
On the middle of botli the 
anterior and posterior sur- 
faces of the stomach is a 
sheet ot tendon, which 
extends from the large 
to the small division of 
the organ, cxi)andijig upon 
both divisions, but ac- 
quiring upon the latter 
its greatest thickness and 
whitest colour. The car- 
diac cavity, c, c, has a 
\ ascular secreting surface, 
the lining membrane being 

r> 

disposed ill very numerous 

Stoinm-li o£ iJro.if- Anlfatt-r, i ■ , , 

small wavy ruga? : the 
larger an<l apparently more permanent folds converge toward 
the aperture, J, of the i)yloric cavity. The cardiac orifice has 
the form of a narrow, sliglttly bent crescentic slit. It is 
situated about 3^- inches from the similarly shaped aperture of 
coinmunicatiou between the cardiac and the jiyloric cavities : 
but the margin of this latter aperture is indented, as it were, by 
the ends of the converging folds of the lining membrane, wliich 
are continued ijito the pyloric cavity. The pyloric division is 
remarkable for tlie thickness of its muscular tunic and the density 
of its epithelial lining, which convert it into a veritable gizzard. 
The muscular coat, ib. A, A, varies from 1 inch to ^ an inch in 
thickness ; at the middle of the cavity it is separated from the 
lining menibniiie by an unusual accumulation of the elastic sub- 
mucous areolar tissue, *, which is most abundant in the upper 
wall of the cavity A ^ cry small pro{)ortion only of food can 
enter at one time into this cavity, to be subjected to the triturating 
force of its parietes, operating, with the aid of swallowed particles 
of sand, in the comminution of the unmasticated or imperfecfly 
masticated Termites. The area of the pyloric cavity, as exposed 
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by the vertical longitudinal section in fig. 352, appears a mere 
linear, slightly sinuous, tract, Avith a dilatation near the pylorus, 
due to the valvular protuberance of the upper Avail j)rojecting 
toward that aperture. But, when the pyloric? caAfty is bisected 
transversely, its area prcsc?nts a crescentic? figure, owing to the 
jwotuberance formed by the tliicker muscular tunic, //, and tlie 
more abundant submucous elastic? tissue?, /, in the iqipcr pavictes. 
Tlie loAver longitudinal plicie, Avbich (?ommonce on the cardiac 
side of the intereommuuicating aperture, give a longitudinally 
ridged character to the inner surfjic?c of the cavity. 

This character is changed near the pylorus for a reticular 
rugosity : the pylorus, wh(?n vioAved from the duodenal side, pre- 
sents a ciTScentie form, Avith the horns of the (U’cseeut <]ir(*cted 
upAvard. The lining meinliraiie of the duodenum soon becomes 
smooth. This intestine is suspcnided on a broad fold of peritoneum, 
and is continued into the jcqinuun Avithout being tied by a con- 
traction of the mesentery to the A ertebral bodies. Tlie ileum 
<lilat("s rapidly into the? colon which (?ommcnces without a cmcal 
projection. The greatest cirenmfereiieci of the? duodcfiiim is 
2i im*bes: the calibre of the intestinal carnal gradually contracts 
to a (‘ireumlercneo of 1 incdi 9 lines at the jejunum, and re(?overs 
a (‘iriMunfcrence of 3 inclu?s near the end of the ilemn, '.rhe 
colon, within 3 inches of the ileum. Inis a c‘ircnmferenoc of 
Di'ineJics; and has decreased to a eircumfovence of* G in(*hes, 
where it forms the rectum, about 9 inches from the* anus. 

The inner surface of the duodenum and jtyunuin is smooth, 
otFcring no villi to the naked eyC. A few short and narrOAv 
longitudinal folds of the lining memliranc, not jiarallel to but 
folloAving one another, begin to appear in the ileum : these are 
succeeded hy one or tAvo longer longitudinal folds, Avliich are scxui 
f(»lloAvcd hy one extending eontinunusly tlirongbout the rest of the 
ileum, along the side of the gut opposite the attachment of the 
inesent(?ry: this fold is from 2 to 3 lines in breadth, is narroAvost 
where the canal has been most distended, but is not obliterated by 
tlu? utmost dilatation of the gut : it is a jiernianent single longi- 
tudinal production of the vascular lining membrane, and forms the 
<‘luef charfi(?tenstic of the loAAcr half of the small intestines in 
the Mjp'mecophnfja juhaUt, In this part of the canal there are 
l>atches of glanduhe agminatnc from 1 to 2 inches long, and Avith 
hitcrA-als of about I foot. The transition of the ileum into 
the (?olon is effe(?ted by a rapiil increase of diameter, viz. from 
1 inch to 2^ inches; by a slight thickening of the muscular 
coat; V)y the appearance of a fcAv transverse ridges or very Ioav 
VOL. lu. Cr <; 
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folds of the mucous membrane at the beginning of the colon, 
and not extending round the circuimference of the gut : but the 
boundary of the ileum is not defined by any ileo-colic valve nor 
by any appreciable alteration in the vascularity or other structure 
of tlic mucous membrane iu the two divisions of the intestinal 
canal. The inner surface of the colon is smooth, finely reticulate, 
with a few very narrow transverse folds, from 1 inch to half 
an inch apart, subsiding for the most part before reaching the 
attached line of the gut ; these folds arc not obliterated when 
the canal is fully distended ; they commence about 18 inches 
from the ileum, gradually become shorter and narrower, and 
disappear about a foot from the rectum. The longitudinal 
folds of the rcctttm extend to the margin of the anus, where a 
little dark pigment is developed under tlie ej>ithelium. The soft 
epithelial-covered integument extends from the fore part of the 
anus to the vulva, which is distant about half an iiicli. The 
longitudinal muscular fiisclculi of the rectum and rectal end of 
the cloaca are sti*ongly marked, and are from one line to one 
line and a half in breadth. The speemnen disseeJed^ incaKSurcd 
4 feet 7 inches from the snout to the vent : the intestinal canal 
was 34 feet iu length, the large intestines being but 4 feet of that 
extent. 

In the little two-t )cd Ariteater tlic doiil)le cfccum reappears : but 
each is relatively rather longer than in the six-banded Armadillo. 

In the two-toed Sloth ( Cko- 
la'pm') the ocsopliagus is 
lined by a dense epithelium 
d isposed in longitudinal 
folds: it communicates with 
botli the first and tlic second 
(!oinpartrn(?nts of the cardiac 
division of the stomach, fig. 
354. The first compartment 
is the largest, and is subdi- 
vided into a left and right 
portion ; the left, termi- 
nating below in a short caical appendage, c : its inner sur- 
face is inirmtcly villous and vascular. The right compartment 
of the paunch is partially subdivided into a larger left and a 
smaller right cavity, f/, both of which are lined by a continuation 
of the thick cpitludium of the cesophagus, the inner surface of 

‘ viii". p. 121, pis. li, lii, and liii. 

‘ There are two ewea, i|^ in birds,’ ccxxxvi, vol. ii. p. 181. 
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which is minutely wrinkled, but not villous: the thick epithelium 
teiTOiuates in a free, minutely jjigged border. A groove or canal 
is continued from the cardia along the right side of the iniioinpletc 
septum dividing the riglit coin[)artinent of the paunch, ri, and 
curves downward to communicate by a moderately wide crescentic 
aperture with the second or middle division of the stomach, y. 
This division presents the ordinary form of a simple stomach, but 
in a reversed position, i.e. with the great curvature turned toward 
the diaphragm : it communicates with the right coin})artment of 
the cardiac division by the right extremity of the crescentic oeso- 
phageal aperture, and with the third or pyloric division of the 
stomach by the left extremity of the same canal: a fold formed 
by the lower end of the left wall of the oesophageal groove divides 
these two coiniimnicatioiis. In the character of its lining mem- 
brane the s(H;ond division resembles the riglit compartment of the 
cardiac division, and should be regarded, jihysiologically, as a 
third subdivision of it. The third, or pyloric cavity, /] has also 
the form of the ordinary simple stomach, but with the great end 
next the pylorus ; the smaller or left end swells out about half 
an inch to the Iclt of the crescentic aperture by which both the 
second cavity and the opsojihageal groove communicate with it. 
The thick epithelium is continued over the inner surface of the 
third cavity to the pylonis, increasing in thickness toward that 
part, and taking on a cjarse villous character. The thick epi- 
thelium is absent from an oval patch at the great curvature, c, 
the surface of which is vascular and minutely villous ; about half 
an inch to the left of the free epithelial border of the inucous 
])at(*h, there is the ajiex of a gland, lodged in a circular fossa, 
1 line in diameter, and closely resembling cue of the ^ fossulatc 
papilhe’of the tongue. 

The leading characjter of the stomach in Bruta is one tending 
to compensate for the poor masticating machinery in the mouth, 
indicated by Cuvier's name of the order. It is, of course, least 
conspicuous in^ the toothed families : but even in these the 
nuisculo-tendinous structures at the pyloric portion, and the thick 
epithelium continued over the inner surface of that part in the 
Phyllophagous species^ significantly indicate a community of type 
under the mask of the most complex modifications of the digestive 
cavity. The great expanse and subdivision by broad and per- 
manent folds of the cardiac cavity, in fig. .354, simulates the rumi- 
nant stomach : but the position of the vasculo-villous jmrt of the 
lining membrane is similar to that of the more special glandular 

00 2 
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part in the Manis.* In alL Sloths the duodenum is loosely sus- 
pended, and IS continued without constriction of mesentery into 
the rest of the small intestines, which is disposed in many short 
convolutions, and enters a short and straight colon, without a 
cajcum. The anus is not distinct from the vulva. 

§ 333, Alimentary canal of Cetacea . — -The first peculiarity to be 
noted in this order is the small area of the gullet in the largest 

speeiejs, especially in the 
great Whale-bone Whale 
[ lialepna im/sticetus) : its 
lining membrane is here 
disposed in longitudinal 
folds which close the area 
of the tube in the con- 
tracted state : they are 
coated )>y a thick irregii- 
larly rugous epithelium, 
and arc connected with 
the sti’ong muscular coat 
by a deep layer of clastic 
cellular substance. 1'he 
stomacii is complex, di- 
vided into several cavi- 
ties, in all true Cetacea. 
In the Porpoise (/V/orvc//nr 
communis)^ fig. 3oo, the 
first cavity is continued 
in the same line with the 
(Esojdnigus, having the 
same structure, and not 
being divided from it by 
any sensible constriction ; 
its commencement is in- 
dicated by the orifice 
leading into the second 

stomach, Jivrr, find Kplff-nn, «if th»' rurinii.*!'. cxi.iv". fKrora StOlUach, bcyOlld whicll 
a drattini; !»y 11. o. iln; i/n j*. dry. irt in Murf. Chfr.i ‘ i * 

orifice It IS continued m 
the form of a dilated ovate cavity, ib. «, a. It is lined with a 
cuticle, or thick laminated epithelium, and its inner surface is 

* The •ioi liMs Ix'oii inketi by tlu* writnr of ri/'. from rxxii'. vol. xiii. ])b n*., 
fig. 2. Tho foregoing (le.mM'ijdion i.sfrum tlis.seetion of the speeirnrm of Chotcepus dUle*'- 
M'hich died at tlic LoiicIofj Zoological fiaivhm.s, in 18ol, and in which the art»'ries 
were previously injected. Se (•xi.vii".^p. Ifi7, No. o.b'J r. 
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beset with small rnga3. A number of large irregular projections 
surround the aperture leading to the second cavity, and are 
calculated to prevent the passage therein of any substances save 
such as are of very small size. Notwithstanding the nature of 
the lining membrane the digestive i)roeesses are considerably 
advanced in the first cavity, which does not act simply as a reser- 
voir. It is j)robal)le that the secretion of the second stomach 
regurgitates into the first and assists in producing the dissolution 
of the fishes, the remains of which arc usually found in it. The 
thick epithelial lining terminates abruptly at the small orifice 
leading into the second stomach, ib. />. '^.rhe interior of tins cavity 
prcvsents a series of close-set longitudinal wavy ruga^, hitei*ally 
indented into one another. The internal layer is thick, and 
mainly consists of unusually long gastric tubes j)er[>endicular to 
the two membranes which enclose them. The membrane next 
tljp cavity of the stomach is smooth; the one external to the fibi^s 
is a vascular and cellular tunic, and is invested by the layer of 
muscular fibres, continuo<l from the preceding cavity. The coni- 
municiition with the third stonuudi is near the lower end of 
cavity, b. The third compartment is a small round vascular 
cavity, into which the second opens obliquely: it is lined by a 
smooth and simph^ villous tunic : it is not visible exteriorly, and 
does not exceed an inch in length in the Porpoise, but in the 
Hyperoodon is about o inches long. The fourth cavity, ib. 6% c, 
is long and narrow, and passCvS in a serpentine course almost like 
an intestine; the internal surface is smooth and even, but villous. 
It opens on the right side into the diiodeiiTim, ib. d, which is 
much dilated. The pylorus is a smaller opening than that be- 
tween the third and foui-th caviticsj 

In BaUenoptera the a'sophagus enters ohliqucly at the back 
part a little beyond the np[)er end of the first cavity ; the second 
cavity is larger and longer, in ])roportion to the first, than in 
Phocmiai the ruga? are longitudinal, very deep, and here and 
there united by cross bands. The third cavity is very small, 
and, as in the Porpoise, appears only to he a ])assage between the 
second and the fourth. Tlie latter is more definitely divided into 
two successive cavities." • 

The tluodeiuun commences in all Cetacea^ by so considerable 
a dilatation that it has been reckoned among the divisions of the 
complex stomach. In the Porpoise it soon contracts to the 

* XX. vol, i. p. 175, JK>. 569 o. This (h^scriptioii I {ippotKliul, tofrotlior with tin* othcp 
ptmigruphs b(?twoen l>rai;kfts, to the Art. OUicca (cu"), the translalioji of which 
was confiderl to me hy Die Editor, 
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ordinary diameter of the small intestines — about 1 inch : these 
are continued for between 40 and 50 feet to tlie vent. Broad and 
well-marked longitudinal folds of the lining membrane extend 
along the major part of this course : and the same character obtains 
in otlier Dtlphinidce, In Balceiioptera the longitudinal folds are 
wavy, run into each other, and are connected by smaller oblique 
or transverse folds: the submucous areolar tissue is very loose 
and abundant. In Hyperoodon the com[)lexity is carried out to 
siudi a degree as to occasion a sacculated structure of the mucous 
coat tlirough nearly the whole tract of the intestinal canal. 
The orifices of the larger pouches are directed vent-ward: their 
cavity is divided into smaller cells. They begin gradually in 
the duodenum near its last abrupt bend, and sidiside near the 
anus. 

In Balmnoptera the ileum opens in a valvular way into a 
CQpqHiratiYely short colon, leaving a ca*eum of about 7 inches 411 
length, and of a simple conical form: in the specimen 17 feet 
long, of Jial. rnstrata, dissected by Hunter, ho records the length 
of the small intestine at 28-J- yards, of the large intestine 2 ,^ 
yards;* and notes that he ‘never found air in the iiitestines of 
this tribe.’ 

The complicated stomach and long intestinal canal of such car- 
nivorous Cetacea as the Grauqius have other relations than to the 
nature of the food: they are necessitated in the present order hy 
the amount of nutriment whi<rh must be had from it. In no otlicr 
carnivorous mammals is so great a quantity of blood and fat to 
1)C obtained from tlio raw alimentary material : in none arc such 
active ami extensive molecular changes concerned in the ])roduc- 
tion and maintenance, under adverse external conditions, of so 
liigh a temperature of the ImkIv. The digcstiv(‘ system and pro- 
(‘csscs are therefore jx'rfected in these warm-blooded marine air- 
l»reathers to meet the contingencies of their aquatic life. 

§ 334. Alimentary canal of Sirenku — In these more slothful, 
tropical, or sub-tropical marine iiiaimnals, although the food is of 
a low vegetable kind, the digestive and assimilative tract differs 
from that of the carnivorous Cetaceans rather by a minor tlian a 
major degree of comjdexity. * The stomach, it is true, shows 
appended sacculi, special glands, and a subdivision of the general 
cavity, not only through cfuistrictioii, but by a difference of 
»structure in the lining membnine. It is of considerable length, and 
nearly equally divided into a cardiac and pyloric portion. In the 
Manatee tlie a'sojdiagus terminates at the middle of the cardiac por- 
* ccxxxvi, Yol. ii. p. 115. a xciv. p. 361. 
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tion, the left end of which is produced into an elongate ohtuse glan- 
dular pouch, coinmunicating with the gastric cavity by an oblique 
slit serving for the pj^ssage of tlic sc(‘retion. A fold of the lining 
menibrane continued from the right of the cardia partially subdi- 
vides the cardiac (diambcr. A ])air of oblong, slightly bent, ob- 
tusely terminated, subpcdunculatc ])Ouches open near each other 
into tlie narrow beginniug of the pyloric cavity, wliich, after a 
moderate expansion, gradually contracts to the ])ylorus.* 

In the Dugong the oesophagus, fig. 356, terminates nearer 
the left end of the cardiac? portion, from the extremity (>f wliicb 


350 
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the glandular pouch, ib. c, projects, but to a loss extent and in a 
more conical form than in the ^lauatee: its gastric end or base 
jaojects into the stomach as a low circular protuberance with an 
t)blifpie crescentic orifice, Avhich leads to a flattened winding sinus, 
formed hy a broa<l membrane spirally dis|)osed in al>out eight or 
ten turns, liaving l.n)th surfaces covered with the orifices of fol- 
licles ; and their interspaces filled bv the cream-like secretion.*^ 
The muscular coat covering the spiral gland is 2 lines thick: 
but it quickly inm’cases, Us it sjireads over the cardiac cavity, ib. 

to a thickness of 8 linos, again becoming thinner near the 
I>ylori.c portion. In order to defend the cardiac orifice against 

* Tlio stomach of (ho now i-xtinct l»orcal appoars from the reconl left, hy 

St(ili(;r to have miu.-h rosomhlcd that i»i the Manateo: lu* was struck hy surprising 
‘ 0 tVot in length and 5 foot in breadth/ distended with masticiitcHl sea-weed. 

^ cxvii''. p. 30. A peculiar species of Neniatoid w’onn {Ascarh llaliconi', Ow.) was 
found in this spiral gland. 
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the pressure of the contents of the stoinai^h, wlicn acted upon by 
the jKnvcrfiil muscular coat, the a?sophagus enters in a valvular 
uiaiuier, and is surrounded at its termination by a gi-cat accession 
of iniiscular fibres, forming a coat of an imdi or more in tliickncss : 
the outermost of these fibres run longitudinally j the middle ones 
decussate each other obliquely ; the innermost are circular and 
form a Sjihineter round the cardia. The diameter of the eanal so 
surrounded is but 3 lines and its inmu* membrane is gathered 
into irregular transverse rugie. That of the cardiac comiiart- 
merit is puckered up around the cardin, whence a few small 
Irregular rugie extend along the lesser eurvature and about 
the constriction leading to the pyloric compartment: over the 
rest of the snriace tlie membrane was not folded and was finely 
reticulate. At tlie eonstrictiou, ib. c, there is an a(.'cessu)n of 
circular museular fibres and a valvular ]>r(>duetion of the inner 
nicmbrane about 3 lines broad. Jmmediately beyond this cir- 
culaAfold are the orifices of the two ea,*cal appendages, ih. 
d: they an* relatively narrower iliau in ihe Manatee: tlieir 
linings meiuhraiie is minutely rugous : there wore eomminutcd 
fuel in both; tlieir muscular eoat is li lines thick: they are, 
in some Dngongs, of unequal length. The jiyloric stomach, 
ib. is long and narrow, and extends a foot Ix^yond the eiecal 
apiiendages before* tenniiiatiiig in the jn lorus, il>. (j: the inner 
inembrane presented a few rugic: the cavity is bent upon its(*lf, 
and the terminal part, y, is intestiniforin, hut with thick walls. 
The small intestines, in a lialf-grown Dugong, |)resented a length 
of 27 feet and a uniform diameter of 1 inch : they have a 
similar uniformity in the Alanatee. In the Dugong the miic(nis 
memhrane, heyond tin* pylorus, is for a few inelies slightly rugous, 
and then lier'iomes disposed in transverse wavy folds; at 5 inches 
from the pylorus the duodenum receives the biliary and pancreatic 
secretions on a mammillary eminence. Beyond this part the 
tninsverse rugje are crossed bv lons^itiidinal ones, and the surface 
becomes sul)-rcticulate : this disposition extends along about fi 
feet of the gut, when the transverse disposition subsides, and the 
lo.igItudlnal folding prevails througliout the rest of the small In- 
testine. The nmsoiilar coat is 2^ liIle^^"thick, the external longi- 
tudinal layer l)eing about half a line. The orifices of intestinal 
follicles are arranged in a /jg-zag lino, thus upon 

the mucous surface along the side of the intestine next the me- 
sentery, all the way to the ciecum, fig, 357. AV'here the ileum, 
ib. enters that cavity it is surrounded l)y a sphiiictcr as thick 
as that at the cardia. The ea?cuni is conical ; in my half-grown 
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subject it was G inches long, with a basal diameter of 4 inches. 
The muscular coat rapidly iiuireases toward the apex to a thick-- 
ness of one inch; the inner surface is smooth, its capacity trifling 
as compared with the area of tli# 
rest of the large intestine, to which 357 

it may be sahl to act as a kind 
of heart, giving a first powerful 
iinimlsc to the long column of 
vegetable ‘ magma ’ usually dis- 
tending the colon. There is no 
constriction b(‘twcen this gut, c, 
and tlie taecuni, h, Tlic pari(;t(*s 
of the colon are thinner tliaii those 
of the small intestine, the inner 
membrane is generally smooth. 

At the wider terminal part of tin? 
colon there are a few irregular 
Iblds : for al)()iit an inch within 
the anus it is <4* a dark leaden 
colour, the pigmentum being con- 
tinued so far beneath the rectal CiiMum i>r xxvm. 

epithelium. 

Tlie ciecum of the Manatee is blfiil : and the colon at its com- 
men(*emcnt is sub-saccnlate. 

§ Aliincntarj/ cditdl of Proboscidian — \v\ the Klcphant the 
stomach presents a simple exterior, but is longer tlian usual, 
with the cardiac sac much produced and conical : the lining meni- 
brane of this fiart is jirodnced into twelve or fourteen broad trans- 
verse folds which ^do not go quite round.' ^ The diiodciiimi is at 
lirst loosely siis])ended and cniivolute, as in some rodimls: it is 
more closely attached at its termination. The mucous coat of* the 
jejunum is thrown into small irregular folds, both tra^s^’ersc and 
longitudinal. There arc oblong patches of agminate follicles. 
The termination of tlie ilcuiu projects as a (umical vahe into the 
e:eciim. Tlie longitudinal layer of muscular fibres is continued 
directly from the ileum upon the ciecum ; hut the circular layer 
accompanies the valvular prod iietioii of the mucous membrane, 
and is there thicker tlian on the free gut. The large ciecnm is 
sacculated on three longitudinal hands, which are continued some 
way along the colon. In a young Indian Elephant, about 7 feet 
high at the sliqukler, the following were the dimensions of the in- 
testinal camil: — 



* c'c'xxxvi. vol. ii. |>, 171. 
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ft. !n. 

Length of fix; MDfill infest iiK's 38 0 

(Viirittiifen’in'c <if ditto ....... 2 0 

T/Oii^th of o;tviim . . . . . . , ,16 

(’iivunitV ivnce i»f e;ivmn . . . . ..50 

( 'iivuMifeiviioe of eoloti G 0 

lA'ijjrtli of ctdon and j'triinn lopfotlioi* . . . : 20 0 

Total lonjitli of i attest inal canal, exclusive ( f the f.'i'Cmn .■ 58 G 

*§ 3i5G. Alimvntari/ vannl of Pvrhsodacfijla, In all tins ordto* 
the stomach has the ordinary siinjde outward lorm ; the cieciim 
and large intestine are capacious and sacculaie. In the Tapir’ 
the a?so]>hagus ends about otic third from the left end of the 
stoinacli: its tliick epithelium is continued for the extent of 
3 inches to the left of the cardia, and for that of 7 iiiche.s 
to the right, toward the jndoru.s: the rest of tlie stomach has 
a coin})act villous surface witli a few narrow well-defined riigic : 
the gastro-mueous membrane increases in tluckncss, through 
lengthening of the gastric* tubides, as it nears the jolorus. I'hc 
stomach of the SnUiatran Tapir jiresents a similar disposition and 
proportion of the entlcnlar lining. The jodoric part of the 
stomach shows a tendinous lustre on each side. In one subject 
the length of the stoma(ih in a riglit line, was 1 foot 8 inche.s. In 
the duodenum of the American Taj>ir, tlie mucous coat is raised 
into trans verse folds, along an extent of gut of about 5 imdies; in 
the rest of the small intestine.^ it is smooth and even. In the 
Sumatran species the valvnhc <*onnivent(;s are continued along a 
greater extent of the l)eginning of the small intestine, and re- 
appear toward the caxmm. The lengtli of this cavity is 1 foot, 
and its greatest breadth the same: it is honoycomhed internally, 
and its lining membrane devcloj)es sln>rt obtuse processes. The 

length of the small intestines in 
the Sumatran Tapir is GO feet; 
in the American speckles 4o feet : 
the length of the lara*e intes- 
tines in tlic Sumatran Tajnr is 
2t) feet, hut in the American 
kind only 10 feet. The compa- 
rative shortness of the intestinal 
canatm tiie American Ta])ir is 
a s])ccificdiflerem5e not cxplica- 
Idc on any obsoj'ved or known 
difference of food or liabits. 

In all the lujuuho the stomacdi is simple, differing from that in 
Man by the pyloric part, fig. 358, rf, being less contracted and 

* The spicios fiis.soi'O'cl were lliu r*onmioii one (Tajnrvs Am<rUaims^ G'luelin), cui"- 
p. IGl , ami iJm:* lajiiriti? 
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produced beyond tlie cardiac part: and Ibis distinction is main- 
tained by more important cliaracters of internal structure. The 
a'sophagus, b, is inserted at an acute angle into the smaller cur- 
vature, which rather resembles a deej) cleft.’ The cardiac cul-tle- 
sac, c, is very capacious, and is lined throughout internally with a 
thick cuticular Layer continuous with the lining of the ufsophagus, 
and extends toward the i)yloriis as far as the middle of the 
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cavity, where it teniilrmtes abruptly by a prominent iiulcntecl 
edge : the interior of* tlie pyloric liall'of the viscus, cl, presents 
the usual villous mucous surface. The muscular coat of the 
stomach consists of several superimposed layers of fibres ihat 
cross each other in different directh.ms, some of them being appii- 

\ oiuil in^ is raiv* jind diiTimilt ; Inii has been observed in se^i-siek horses slung on 
hoard transporl -vessels. 
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rcntly derivatioris from the iniisciilar bands of tlie crsophagiis.' 
The alimentary ciiual is short in comparison with that of the 
Riimmants; hut this want of length, together with tlie simplicity 
of the sroinach, is compensated by th<i enormous capacity of the 
large intestine, whicli seems of itself to occupy the whole of the 
abdominal (‘avity, tig. 

Commencing from the pylorus, the duodenum, fig. 358, J\ is 
considerably dilated ; but its diameter soon contracts, and the 
rest of the tract of the small intestines is of jiretty equable 
dimensions thronghont, or if it presents constiietions here and 
there, they disappear wlicn the gut is distended. 1"he ileum, 
tig. 360, (fy terminates in a Ciecnm of enormous hulk, ib. r?, c, c, 

f\ whicli is separated from 
the coimnencement of the 
colon by a deep constriction, 
<j : the c*a‘.cuni near its ter- 
mination contracts to an 
obtuse end, />, wbicb Is 
usually turned toward tlie 
diaphragm. It lias four lon- 
gitudinal bands. The colon 
itself is tbrougliont its en- 
tire extent proportionately 
( :ucuni of ti.e Tiorx*. cx.mi'. volnminous : conimencing 

• in the right flank, its ample 

folds, fig. 359, f/, mount upward as far as the diaphragm, 
whence they descend to tlie left iliac region, w here, becoming 
gradually contracted, the great gut terminates in the roctiim. 
The ascending portion of the colon, /-/, A, is separated from tlic 
descending jiart, r, d, l)y a constricrtitin ; and the latter forms a 
third remarkable dilatation before it ends in the rectum. The 
whole colon is puckered up into huge sacculi by three longitu- 
dinal mnsoular bands, wdiich toAvard the end of the colon arc 
reduced to two; and tlicsc expand and (coalesce at the beginning 
of tlie rectum, of whicli tlioy form the strong outer muscular 
layer. The snuill intestines are about 56 feet in length; the 
caecum is 2^ fiict in length and about 2 feet in circnrnfcrence. 
The colon maintains [lie same cireurnferenee to near its termina- 
tion, save that, about a yard from the cajcum, it becomes much 
dilated : its lengtii is 21 feet. 

• cmiiiii sffisoMs t}ni .st<jm;i(*h of tin- llorsf: is infosted with tht; laiTaj of ji gad-fly 
{^(Entrus equi). Daiiboiitou figures tlio cavity in tliis state, cxxi'. pi. v, fig. 2. 

* exxn'. vol. iv. pis. iv-v. 
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In dissecting the Rhinoceros * I was struck by the general 
rcscinblancc of the abdominal anatomy to that in the Horse. 
The epiploon was not observable when that cavity was exposed, 
the viscei'a which presented themselves being in immediate con- 
tact with the sustaining ])arictes. A single but enormous fold of 
the colon, not less than 2 feet in breadth, formed more than 
one half of the exposed surface of the abdominal viscera: it 
|)assed obliquely across the middle of the cavity, from the right 
hypochondriac to the left hypogastric! or iliac* region ; innnedi- 
ately below this was a smaller fold of colon running ])arallel 
with the preceding ; below this was a second fold ; and, occu|)y- 
ing the right iliac region, a ])art of the smooth parietes of the 
circuni appeared. The colon Avas n(»t displaced without con- 
siderahle (lifficulty, owing to the Avcight of its contents, and the 
strength of the duplicatures of tlic peritoneum attaching it to the 
spine and contiguous parts. Ilehind and above the great oblique 
folds of colon lay a short, thin and corrugated e])lj>Iodn, devoid of 
fat ; and behind and below them Avere several coils of the sfnall 
intestines. The length of the great fold of the colon taken in a 
straight line as it lay first exj)ose<l was (5 feet (5 inches: some 
idea of its (*apacity may be fornu?d iVom tlie fact that the portion 
of till? fold n(?xt tlie (^a^cum could easily contain a man, Avith 
ample room for him to turn about in it. 

The (esojhagiis extends about (i inches into tlie abdomen, 
and terminates at the <*ar(liac orifi(*e aliout I foot 5 inches from 
ih(? left extremity of the stomach. Tliit# obtuse sa<! expands to 
the cardiac orifice, oj)]K>site to Avhic.h tlie stomach, as in the 
Horse, presents its,gi*catest clrcuinference ; it gradually contracts 
to near the |»ylonis, on the cardiac sidi* of which the stomach 
shows its smallest circumference: it then ex[)ands into a blind 
end, of a hcmisplicric form, beyond the pylorus. Tlu? length 
of the stomach in a straight line was, in the male, 4 feet; its 
<liameter from the cardia to the ojipositc part of the great curva- 
ture Avas 1 foot 10 inches. The small curvature between the 
cardia and pylorus Avas 1 foot 9 inches. Tliore is a glistening 
aponeurotic sheet ujion the anterior and posterior surfaces of tlie 
<'ontractcd pyloric end of the stomach. A sheet of Avhite thiek 
epithclimn, continued from ihe msophagus, spreads from the 
cardia over the inner surface of the cardiac portion of the stomach, 
about 1 foot 4 inches along the lesser curvature. This epi- 
thelial layer is 1 line thick, smootli, or Avith very fine ruga? on 


A malt? and u fi'inalr of Jihiy.ociros imficim, Cv.,v’'. 
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its inner surface, and terminates by a well-defined border, near 
which it is perforated by niunerous orifices of mucous follicles. 
The rest of the inner surface of the stomach presents the usual 
vascular structure, with the minute orifices of gastric tubules. 
There is no crescentic fold or valve at tlic cardia, as in the horse: 
nor is there any valvular [)rotiibcrancc on the gastric side of the 
pylorus, as in the cow and most rumiiuints: the thickened rim of 
tlie pylorus is slightly produced into the duodenum. 

The outer layer of the muscular tunic is one-fourth the thick- 
ness of the inner layer, and hecomes thinner over the pyloric end 
of the stomach. I'hc arcolo-vascular tunic begins to increase in 
thickness near the termination of the thick epithelium in relation 
to the lodgment of the gastric tuhulos. 


Tlu^ r>f till- intoj^liih'S wns 

Th«H oiiviinifVreiJi'.' fin* (liKxlriium 
Th<> (it* jijiinuln 

Th»? ciivumlVnMiot* nf ili ain . 


llh in oreros imiicns. 


Ki-m.iU*. 

.')l> tWt. 

8 iiji'lit’s. 
G ijiclu's, 
7 inclu's. 


INI file. 

65 feet. 

10 ini'lios. 
8 ini'hos. 
y iiu'bi's. 


The lining membrane of the duodenum, at the beginning of 
that gut, is puckered up into small irregular riigie: flattened 
triangular jirocesses begin to make their apj)earancc about 
6 indies from the pylorus; in the jejunum tlirce or four of these 
processes are often sujijiorted on a common base ; as they approach 
the ileum they begin to lose l)readtb, and gain in length, until 
they assume the a|ip(»aranee, near the end of the ileum, of vermi- 
form processes, like tagstof worsted, from two-thirds of an inch to 
an im^h in length. Jntestinal follicles arc scaltercd here and 
there; a conspimious reticular agminate ]>atch was situated close 
to the end of the ileum. The small intestines have nearly the 
same disposiiimi as in the Horse ; they are sus])ended by a short 
inescnt(iry, in Avliich tlie anastomosing arteries form only one 
series of arches. miicous membrane of the ileum projects in 

the form of a circular fold within the caecum ; but it seems ineffi- 
cient as a valve for preventing regurgitation of at least fluid 
matters from the large iiitestiues. The lengtli of the ctecum 
from this orifice to its blind extremity in tlie male Hhinoccros 
was 3 feet, and its greatest circumference was 4*^ feet. In 
the female Hhinoccros the length of tJie ciccum was 2 feet; 
its circumference 2 feet 6 inches ; tlieso [uyjportlons to the colon 
and the rest of the intestinal canal being rather less than in the 
Horse. TJic anterior surface of the caecum is traversed longitu- 
dinally by a fibrous band, 4 inches broad, upon which it is 
slightly sacculated : a second band ajjpears, iicarcr the colon. Its 
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lining membrane is puekered up into innumerable irregular 
small traiKsverse.riiga3, which appear, liowcvor, to be but tempo- 
rary foldings of the mucous membrane, and are easily obliterated 
when this is stretched. The c()lon for the first 4 feet of its 
extent is jmckered up upon three longitudinal liands into sacculi, 
each about 5 inches long : it is here suddenly bent upon itself, 
forming the long and large fold, the two parts of which arc very 
closely connected to each other ; and here it dilates into tlie very 
wide portion which forms the most jjrominciit object on laying 
open the abdomen; the beginning of this dilatation is also closely 
adherent by its posterior surface to the opposite snrfn< e of the 
heginning of the cieciim. The circumference of this part of the 
colon (which, if its (‘.ajiacity was not duo to accidental accumu- 
lation of alimentary matter, might he regarded as representing a 
second ciecum or reservoir) is 5 feet: beyond this fold the colon 
becomes gradually narrower, its smallest circumference being 20 
inches, where it passes into the rcetiim, which forms several short 
(H)nvolutions before its termination. 

fih iiwnrus inilif'iin. 

Tho cntlrf length of flKM'olon was . . . 2o feet. 

Tho entire longih of the .m‘t mu . . . feet. o feet. 

11ie total length of the intestinal canal, including the ciecum, 
was in the female 73 feet; in the male 96 feet, or eight times the 
length of tjie entire animal. The circumference of the rectum 
was 10 inches in the female, and 16 inches in the male; but it 
widens toward the anus. The masses in which the ficcres are 
discharged from the immense receiitacles formed by the large 
intestine, are greater than in the Klephant, and are softer 
and more amorphous. The longitudinal muscudar fibres of the 
re(‘tum are developed into powerful fasciculi. The contrast 
between these fibres and those of the exlcrnal sphincter is w’cll 
niarkwl, the latter presenting the striated character of voluntary 
muscles. 

In the little Hifrax^ as in the Rhinoceros, the chief feature of 
the abdominal viscera is due to w hat Pallas justly calls ^ insignis 
crassorum iiitcstiTiorum apparatus but there arc complexities of 
the large gut siiperadded to those in other Perissodactylcs. The 
o?sophagns has a course of 2 Inches in the abdomen : it termi- 
nates in the same relative position to the stomach as in the 
Rhinoceros. Two-thirds of the cavity are lined by a tJiick, white, 
wrinkled epithelium : the stomach is bent upon itself where this 
lining ceases. 

The duodenum is not so loosely connected with the back part 
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of tlie abdomen as in most Rodentin\ but it has throughout its 
course an entire investment of j)eritoneuin. It descends in front 
of the riglit kidney for 4 inches, and then suddenly rctimis 
upon itself, passing beliind the aseending colon, and runs along 
the middle of the spine as higli as the stomach, where it becomes 
a loose intestine, or jejiinmn. The small intestines are about 8 
lines in diameter, and present, internally, a series of about 
twelve small pouches, distant from 3 to 5 inches from each other, 
about 3 lines in diameter and the same in dcj>th, their orifices 
pointing tpward the cjecum. I'hese ])ouches make no projection 
externally, being situated wholly beneath the muscular coat. 
They consist of dujdieatures of the rmicous membrane, and are 
surrounded by the agminate folli<‘les, wliicli open into them by 
niiineroiis orifices. Theii* use Avould a])|)ear to he to ))revent 
the secretion of these glands being mixed as s(K>n as formed 
with the divine, but, by retaining it, to alter its fjualities fn 
"some degree.’ The rest of the inner surface of the small in- 
testines is beset witli long and fine villi. For the extent of 
about a foot from the commencement of the small intestines 
T found that many of these villi terminated in a black point. 
The length of the small intestines is 4 ib(rt 6 inches. 

The ca?enm is sa^’culatcd, and in form like that of the Tajiir, 
its magnitude arising more from its breadth than its length. Its 
length from the orifice of the ileum is 3 inches, its* circumfe- 
rence 8 iiK’hcs. The <*olon gradually diminishes as it leaves 
the ciecvim, 4 inclios from which its diameter is nearly that of 
the small intestines : tlie dilated ]>art of the colon is bent in a 
sigmoid f(»i*m, airl the remainder is convoluted on a broad meso- 
colon, and at a distance of 2 feet from the dilated part (when 
unravelled) terminates between two conical cjcca in a second 
dilated intestine. .Each of these huver ca*cM is aTi inch and a 
half in diameter at its base, ami gradually contracts till it termi- 
nates in a glandular vermiform appendage about half an inch 
long, and 2 lines in diameter. The intestine continued from 
these is 3 inches in diameter, hut also gradnaJly contracts, 
so that at^a distance of fi inches it also becomes as small as the 
sUiail intestines. The Avhole length of this intestine, or second 
colon, is 2 feet 6 inches; making the length of the Avholc 
intestinal canal, exclusive of the caM.\‘i^ {) feet 4 inches, or 
about six times the length of the animal. Notwitlistanding the 
complexity of the intestinal canal, it is suspended from a single 
continuous duplicatuix' of the peritoneum advancing from the 
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bodies of the vertobne and extending from the beginning of the 
jejunum to the reotuiu. 

§ AUmentarj/ canal of Artlodnctj/la. — In this order the 
stoinacdi is the usual seat of comjilieation ; the eieciun is simple. 
The Hogs (^Sus) present the least eoinplcx form of stomach, 
"file ej)ithclium eontinued from the (esoj>hagus into the cardiac 
end is umisuallj dense : and the part to the left of the gullet is 
more distinct and j)ouch-liko than in the ordinary simple stomachs; 
fhe remaining and larger portion of the stomach lias its soft and 
vascular lining membrane thrown into many rugie.. ^ Whore the 
a\s()j)hagus enters there is a doubling of the stomach on the left 
wliiidi would seem as if designed to (amduct the food toward the 
pylorus: and tliere is another doubling of the great end, at that 
surface Avliere the a?so))hagus enters, as it were, dividing the 
great cud from the rest of the stomach.’ ‘ In short, one may 
jiUriuly dis<‘ern the initial steps in the modifications for affecting 
the course of the food which culminate in tlui ruminants. On 
the left side of the canlia the hard epithelium extends as far as a 
ridge whi(‘h jiartialJy divides the general cavity of the stomach 
from the small blind pouch at that end: on the right side the 
cuticle terminates at the ridge formed by the angle lietween the 
eardia(* and pyloric portions of the cavity; the muscular tunic of 
tlie latter i)ortion is very thick. The jiyloriis is defended liy an 
oval protulicrance. 

In the llabyroussa the <*ardiac portion to the left of the gullet 
is much more extensive than in the common Hog: and develops 
a more distinct blind pouch, curved and of smaller ealibre than 
the rest of tlie cardiac end. "fhe epithelium of the margin of the 
cardiac orifice gives off small processes, and these also appear as 
tubcrclcKS in the cardiac |>ouch. The pyloric part of tlie Kstomach 
is marked by tlie tliickiicss of its walls: its miu'ons surface is 
reticulate. In the l^eccary (^Dicoh/lcs torqnatns) the stomach is 
divided into throe compartments by tlie irnvard production of 
Uvo broad ridges, whieli are situated, one to the left, and the 
other to the right of the cardiac orifice, like the narrower ones in 
the stomach of the Hog. The cardiac division of the stomach is 
greatly extended in the transverse direction, and terminates in 
tvvo moderately elongated blind pouches. This division eom- 
immicates with the middle eompartmciit by a broad circular 
ajicrtnre. The (esophagus opems into the middle comjiartmciit, 
vvliich is of less extent than the preceding, and commiiiiicatos hy 

* cvxxxvi. vo], ii, p. 120, 
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a smaller transverse aperture with the pyloric division. The 
whole of the middle compartment is lined with laminate epi- 
thelium continued from the oesophagus, and this is extended* a 
short way into both the cardiac and pyloric divisions. But the 
greater part of the cardiac cavity, Avith the two cuUde^-saeSy being 
lined by a vascular and villous membrane, proves that it has a 
greater share in the digestive processes than as a mere prepa- 
ratory receptacle. Botli muscular and gastro-mucous coats of 
the pyloric cavity are remarkably thick ; and the pyloric valvjilar 
protuberance is well detiiied. 

Daubenton ’ has left the following record of the struuture of 
the stomach in a foetal Hippo{)otamus. Kxternally it appeare<l 
to be composed of three parts; the principal portion, extending 
from the cardiac extremity to the pylorus, was much elongated, 
resembling more a portion of intestine than an ordinary gastric' 
receptacle. Besides this central part, extending Irom the oeso- 
phagus to the i)yloric valve, were two long appendages like tAvu 
cajcums, one arising on the right side of the cardia and running 
along the exterior of the stomach throughout almost its entiie 
length, and then folding backAvard, the other and shorter cuUdr- 
sac issuing from the ])osterior aspect of the cardiac extremity of 
the stomach an<l projecting toward the right side. The interior 
of this stomach is so divided by septa, that food coming itito this 
yiscus through the oesophagus may pass by different channels, 
either into tlic central portion, Avhich seems properly entitled to 
fh^ name of stomach, or into either of the great diverticula 
appended to it. The interior walls of the central stomach have 
nine or ten cavities in them, something like those of the Camel 
and Dromedary. Tlie lining membrane both of the stomach and 
diverticula is granular and Avrinkled except near the pylorus, 
Avhere tlie parietes become smooth and folded into numerous 
plica? somewhat resembling those of the third stomach of a 
ruminant. 

Professor Vrolik ^ received from the Cape of Good Ib >1,0 
drawings of the viscera of a half-grown Hippopotamus, and states 
that they showed tAVO pouches on each side of the cardia, whicir 
communicate Avith a lai'ge pouch the cavity of Avhich is divide<i 
transversely by numerous folds, like valves: betAveen that large 
cavity and the pylorus there is a narroAv appendage Avhich opens 
at the pylorus : this latter appendage is not incUcated in Dau- 
benton’s fig^s or description. Thus, the stomach resembles tluit 

,, I CaXii'. tojn. xii, p. oo, pi. iv. 
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of the ^Jcccary, with the exception of the greater length and trans- 
ver^c ridges in the middle portion of the cavity. I long ago 
expected the opportunity of testing and supplementing these 
descrii>tions by dissection of the stomach of the full-grown 
animal : but the Hippopotamus received at the Zoological GardcuvS 
in 1850 still lives, in good health (1867), to the credit of that 
noble and well-administered establishment. 

The stomach of ruminant Artiodax'.tylcs is divided into cavities 
so distinct in boundary, structure, and function, that they have 
received special names. The first, called ^ nimen,’ or ^ paunch,’* 
is the largest, forming a (‘apacious reservoir ; its inner surface is 
eoininonly villous: that of the second cavity, called ‘ reticulum,' “ 
is divided irito small cornpartmejtts or cells, mostly liexagonal in 
Ibnn : the third ca\ ity is occujiied by broad longitudinal folds, 
like the leaves of a book, whence the name psaltcrium ^ it is 
Ihe least constant of tlie divisions : the fourth and last cavity, 

‘ iibovnasus,' * has the visual structureof the true digestive stomach, 
with a vascular and finely tubular gastro-miieous inner coat. 

In a pigmy Musk-Deer { Tray ulus Kanrhil)^ the paunch is 
of a subglobular form, partially divided into three cliambers by 
the folding inwards of the parictes, forming prominent ridges: 
tlie inner surface is bosSet with filaincntary villi, covered by dense 
e[)itlielium. The second cavity, or reticulum, is less distinctly 
separated from the rumen than usual: the colls are very shallow, 
and are lined by dense epithelium. I'he passage leading from 
the (xsophagus to the third cavity is bounded by two low- parallel 
ridges: the longitudinal lamelhe which are charai'teristio of this 
cavity in other ruminants arc wanting, but as it possesses the 
dense ejuthdimn, it may be regarded as a nidiuicntary form of 
^ psalterium : ’ it is partially sc])arated from the fourth cavity by 
a seniilimar fold. Tins cavity lias a smooth gastro-muoous mem- 
brane : the muscular tunic is thickest at the pyloric end, where 
a small valvular protiilieraucc projects above the orifice loading 
to the intestine. Tliis least complex condition of the true rumi- 
nant stomach represents a stage in its devclopinent in the larger 
species. 

I'he next modification is more simple than tlve true ruininaut 
i^toinaeh in some essential characters, but more complex iu acces- 

‘ 8 yn. ‘ \>enu!a./ ‘ Hicrbier/ ‘ la ^louiao,' (lig, 362 , b,) 

Syn. ‘ bonnet/ ‘ rescau/ ‘ bonoy-oomb-bag/ ‘ water-bag/ (ib. r.) 

^ Syu. ‘ contipellis/ * mauiplua,’ Me feuillct/ ‘ oinasii*/ '{ib. d.) 

* Syn. ‘ la (*81110116/ ‘ rennet-bag/ (ib. 6 .) 
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sory particulars: it is presented by the CdmeUdiP, and, will be 
first descril>ed as it ap|)ears in the stoinach of a fetal Llama 
{Aitchttia Ghtmu,, Desin.). Like tlie stomach of Trar/vIuSy the 
psalterium is less distinctly separated Ironi the abomasiis, and at 
this early period of existence it exhibits in the Twhima Ji similar 
deficiency of the characteristic h)ngitiidinal lainiiue ; but it is also 
dcvohl ot the dense ejiithelium. The reticiduin, however, is much 
more c(>m[)lex, each of the larger alveoli being developed into many 
smaller ones, — a structure partially indicated in the reticulum ol‘ 
the (Joat, and mon^ strongly marked in that of the Ox. There 
are, moreover, two groups of cells devclojicil from distant parts 
of the riiiuen, which dilfor fnuu those of the reticulum in being 
shallower and being \ isible from without, giving a sacculated 
character to those parts of the paunch. TIu' nimcn has the dense 
epithelial lining, hnt is deslituto of the villi wliich characterise it 
in the horned rnniinants. It is partially divided into two com- 
partments by a strong fascleulus of niuscnlar fibres, which, (unn- 
mencing on the left side of the cardiac orifuMg traverses the jiaunch 
longitudinally. On tlie riglit side of this ridge, about fourteen 
smaller muscular fasciculi ])ass off at right angles, and these ridges 
arc connected by still smaller faseiculi, running transversely be- 
tween them, at definite distances from each other; the (jiiadr- 
augnlar spaces which result from the above arrangement of 
fasciculi are jiartly closed by a jiroduclion of the lining membrane, 
leaving a circular ajicrture iu the centre of each .square for tlie 
passage of liquiils into tlie cells beneath. The compartment of 
the paunch, to the left of the great longitudinal ridge, terminal* .s 
ill two saceuli, at what may be et>nsidered the cardiac extrcnnly. 
The saceiilus nearest tlic <x*.>ophagu.s is simple; the one farthest 
from it is dc^velojied into a scries of cells, of a smaller size, ))ut oi 
jirecisely similar eonstriicti<»ii to tliose on llie oj>j>osite side of the 
]}aunch, — a serie.s of .smaller muscular bands [»a.ssiiig off at riglit 
angles from tlie larger one which scfiai'ate.s the two saccaili, and 
these le.^sor hands lieing connected by tran.svcrse fasciculi, in the 
intci'vals of which the cells are devchipeil. The reticulnin or 
water-bag, shows that tJie cells are situated between a series ol 
parallel muscular fasciculi, as in the rumen ; but their further 
subdivision is carried to a greater extent, and their orifices are 
not guarded by menihraiiriiis production.^, '^riic dense cpitholiuni 
is not continued into this cavity : its muscular coat i.s so disposed 
that the exterior i.s sinootli and uniform, and the cells arc scarcely 
visible from witliout. A niu.scular ridge, longitudinal at the end 
of the (jeso]>hagus, wind.s round the upper jiart of the reticulum 
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to terminntc al; tlic orifice (»f the psaltorium. I>y tlie contraetion 
of this lasicicnins, all comm unication hetvvccn the first two cavities 
arul the (esophagus is cut off, and food is condu(‘l(^d ifito llu' liiird 
cavity, A slighter di^greciof coni ractioii cuts off the coaunniii- 
catioii with the runic»L J^^^d allows the passage of fluids direct into 
the retix'iilnm or water-hag, whi<di )>rol»al)ly takes place when the 
Camel or Llama drinks. A free ('(uinminicaticnvAiowcAan*, subsists 
hetween the water-hag and pauiuih. The ohlique canal leading 
to tin; third (/avity, forms, in the Canud, a small saceulus, dis- 
tinct from, and intervening hetwe(m, the reticulum and ])salte- 
limii : it is not so distiiud. in the Llama ; hut on a close inspet^tion, 
llie inner memhrane nearest tlie orifice a])ovo mentioiuHl may he 
seen to he produced into ridge\s, wl)ich are arranged in a reti- 
cnlaU^ or alveolar lorm ; and as a similar st ructure is more dis- 
tinctly ubservaljle in the (.^anud, this cavity was considered hy 
Dauhenton as the homologue of the reticidum, and the water- 
hag as a |>e(‘uliar siiperaddition. The remainder of the stomach, 
in the fietal iilaina, may he seen to foim one elongated con- 
tinuous cavity, bent n])on itself at its lower lliij-d, without rugju 
<a-lamin;\»; the latter being after- 


wards developed at tlu^ cardiac* 
hall’ of tlii.s ca^ ilv. Tlio [>ylonis 
is a small transverse aperture, 
protected above ])y a large oval 
protuberance. The duodenum is 
considerably dilated at its com- 
nicnceinont. 

The entienlar villi are not d(?- 
veloped in the ]>aiineh at any age 
or in any species of the fVoar/- 
/V/rc; hut the appended jiomdies, 
fig. 3fil, augment in relative siz(\ 


They arc 

arrange<l, as 

in 

An- 

f'hcriiff, in 

tw'o groups — 

one 

on 

the right, 

the other on 

the 

loCt 



\V;Ui-r i-i-H.-i fntin IliC Tinuin !* I'f tlu’ C;inn'l. 
r\.M C. 


side; tluj former being tlic larger, and in tlie adult Dromc'dary 


measuring about one foot and a hull* in length, and six inelies in 
breadth. The cells of eacli group are dis[K)sed in parallel rows, 
separated from one: anotlier hy strong mnseular bundles, given 
<)fl from a single large hand of fibres which contmenccs at the 
cardiac extroinity of the rumen, and proceeds in a longlttidinal 
direction, dividing the entire cavity into tw'o compartments. 
J Le muscular fasommli are arranged li‘ans\'ersely, and give off 
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secondary bundles at right angles and regular intervals, so that 
the orifice of each sacoulus, of a square-shape when not con- 
tracted, is guarded by a powerful sphincter. Some of the 
cells are more complicated than others, being subdivided into 
numerous loculi by folds of the lining membrane. The largest 
of the reservoirs iu the adult Dromedary, when dilated, have a 
depth and width of about throe iiudies. The second cavity, or 
reti(*uliim, has not the dense epithelial lining in cither Dromedary 
or Camel : the musculjir longitudinal fasciculi forming the prin- 
cipal ridges between tlie ce]^s arc less thi^dc than the correspond- 
ing ones of the paumdi-cells : the middle fibres in each become 
tendinous in the Llama; but the transverse fasciculi continue 
muscular, and spread over the circimdercnce of the cells, con- 
tinuously with the general muscular tunic of the cavity. In the 
Camel tbe tendinous character is notobviousdn the fasciculi which 
close the jirlmarv cells of the rcticiihmi. I'his cavity and the 
j)aunch ireely intercommunicate, and Ix^tli have the same relation 
to the a*S()pliagus, as in true ruminants. The muscular channel 
also exists for conveying the ruminated or remasticated food past 
them, to a small third unlaminatcd cavity in th(‘ (^imel, through 
whicli it passes to the last or true stomach. This, however, is 
divided by a modifi(‘ation of the lining membrane into two parts: 
in the first the membrane is jiroduced into many parallel longi- 
tudinal folds, not covered by laminate ejiitlielium, and gradually 
subsiding into the ordinary rugm of the lining membrane of tlie 
rest or pyloric part of the true stomach: there may be a sliglit 
constriction between the parts of tlie stomach above modified. 
The pyloric protulieram'c exists in the Camels. 

The experiments of Clift* prove<l the direct transit of water 
drunk by the Camel into the reticulum, wliere it was found 
^ pure/ and also into the aiqieiided cells of the rumen, where if 
was discoloured : while the concurrent testimonies of travellers 
in the arid regions traversed by this animal establish its power of 
there retaining water, as iu a reservoir, for some days. 

In true or ordinary lluminant.s the innsoular fibres of the mso- 
])hagiis arc disposed on two layers of spirals, taking ixM erscMlircc- 
tions, which decussate at one or other of two 0])|)()site longitudinal 
lines : the outer layer contains more muscular and less cellular 
tissue than the inner one : the fibres of both are of the striated 
kind ; and, as is usual where such are in more habitual and ener- 
getic action, they have a redder colour than in non-^ruminating 


‘ XXVI I. V*;!, i. 
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rnamJiials. In the Giraffe tlie outer layer is more transversely 
disposed than the opposite spirals of the inner layer. The mucous 
membrane of the oesophagus is thick and firm; it is lined by a 
smooth and dense epitheliiini, and is connected to the muscular 
coat by a very lax cellular membrane. The entire tube in the 
Giraffe is remarkable for its length, and well displays in the liv- 
ing animal the rapidity with which the bolus Is shot upward to be 
reinasticatcd. 

The food when first gathered into the moiilh is subject in all 
Kuminants to a coarse and brief mastication, and is swallowed 
Avitliout inteiTLiption of the act of grazing or browsing: the coarse 
bolus pushes open the lips of the groove, //, fig. and at once 
enters the first cavity of the stomach, ib. water that may be 
drank finds its way mainly, as in the Camel, into tlic cells of the 





second cavity, c. The paunch is most capacious, is usually bifid, 
and the thick epithelium is continued over its inner surface, 
w’liich is multiplied by close-set villiform processes. In the 
Giraffe, though varying at some })arts of the paunch, they are, in 
the main, more regular and uniform In their size and shape than 
in the Ox ; they are relatively narrow er and longer ; their mar- 
gins arc thickened but entire, not notebed, and they become ex- 
panded and rounded at their free extremity, instead of tapering 
to a point, as in many parts of the paunch of the Ox : they re- 
isemble more those of the Reindeer. In the Sheep the villi are 
flattened and expanded at the end : in the Reindeer they arc 
longitudinally plicated : they are larger and coarser in the Bison 
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than in the Ox: hi the Goat they are elongate ancl spatulate, but 
become shorter as they approach the reticulum. 

There is more variety, however, among the horned Ruminants, 
in the form and dejith of the cells of tlic reticulum, lig. 3G2, c, 
and these modifications mainly relate to differences in the power 
of retaining fluids. The structure of the Reindeer’s stomach 
exemplifies this relation : the snow which must he swallowed 
with the lichens throiigli a great part ol' the year would render 
any reservoir for water unnecessary, and the (’ells in the reticulum 
are remarkably shallow. The same structure also olitains in the 
Giraffe sustained by juicy leaves and buds: tlio cells are not, 
however, as lias been statol, entirely wanting; but tlieir hexa- 
gonal boundaries appear as mere raised lines supporting a row of 
pyramidal pajnlhe larger than those in the intersjmeos : for any 
Imaginable use they iniglit have been arrangW-1 in any other, i‘ven 
the most irregular, forms; but that ])attern is closely adhered to, 
which grouping together a number of cells in the least jiossible 
space renders necessary in other Huminants, and which is almost 
universal in nature. In tlie (h)atsumc of the hexagonal cells are 
divided into smaller cells. In the Ox the deep cells are chiefly 
disposed between broad j)arallcl se[)ta: and lliese are also divided 
into srnalhir cells. 

Tlie food is sulyoct to a rotatory movenuait in the paiiiuh,* 
and is brought, successively, in this course, to be moistened by the 
fluid of llic reticulum. If a Ruminant be alarmed in bis pasture 
<»r browsing ground, it can tran.s}>ort the mass of hastily swalhnved 
food in the pauncli, as in a receptacle, to a place of safety and 
concealment, and there, the animal, at rest, can (‘ompletc the art 
of digestion. Tliis is done by the abstraction of the softer portion 
of the macerated food, successively brought within the grasp of 
the muscular walls of tlie groove,^, fig. where it is monld(Hl 
into a h(dus and transferred by an antijieristaltic action of the 
musendar coat of the fcsojdiagus to the mouth. It is there subjc(?t( (1 
to a longer and better process of masti(‘ation than at first ; amb 
being mixed more thoroughly witli tlie saliva and otlier fluids of 
the mouth, it is a second time swallowed. The soft mass is now 
less fit to push its way out of the a*sopliagcal groove; but, the mus- 
cular walls being stimulated to eontra(’t, they chxse the entry to 


^ The Arr;irii'’(*infn} of I ho ouUr Jiairs in the inassos calJod 

piles,’ occasion;- !Jy foiuKi in the pauneh, is the efli d of this rnovciiieiit. : the pt'CMiliar 
concretions called ‘be/oars’ aru mcist comjnoidy Ibund in the pMiiucli of Auteb»pcs; 
and are probably due to the loii^ sojonm in roee.sses of that n ciiplaele of parts of the 
gummy shiubs on which they brtvwse. 
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the first and second cavities, and, drawing that of tlic psaltcriuin, 
il), </, nearer to the gullet, conduct itie rcmastlcated bolus into 
the third cavity, the deep jmrallcl crescentic folds of the lining 
incinbranc of M'hich occui>y almost its whole area: the thick ejn- 
tlicliuin is continued upon these folds. In the psalterinm of the 
(iirivife, between each two nai*row folds there is alternately one of 
o'reat and one of moderate breadth, as in the Ox : * these lamelhe 
arc })eset with short j)yrif()rm papilhe. Ilie bolus is squeezed into 
the iiiters|)aces, deprived of the supcrflnous allvallne fluid, and is 
passed on in a less dilute state to und(?rgo the action of tlie true 
digestive acid sccrotiori of the fi>nrth and last eom])artmen1., ih. e. 
Tin; communication l)etween this cavity and the psaltcrium is 
wider than between the latter and the a'sojdiageal groove : but 
the dislinclion is marked by the abrupt terminatiou of the thick 
epilheliuni. 'fhe vasevihir and finely villous lining of the abomasus 
is usually thrown into large oblicpie wavy riigic ; which subside 
toward the pylorus. In the (rirafte these rugic are slightly de- 
vidoped and cliielly longitudinal: tlie pylorus is protected by a 
valvular j)n)tuhorance |»laced above it, as in other liuniinants, just 
wilhin the stomach ; this jirotuherance is relatively smaller than 
in the Llama. 

Wdicn the (iiratfe ruminates, it masticates the bolus for about 
fifty seconds, upidying to it from forty to fifty movements of the 
lower jaw, and then swallows it: after an interval of throe or 
funr seconds a second Indus is regurgitated. A slight contraction 
of the abdominal [)nrictes accompanies the action of the stomach 
by wlii<'h the regui-gilation is commenced. This action of the 
ahihnuinal paricti's in ruinination is much stronger in the Camel. 
The C-amelidie differ from the true Ruminants in the mode in 
whi(‘h the cud is cluiAved ; it is ground nlteniatcly in opposite 
directions from side to side: in Oxen, Sheep, Antelopes, and 
I)(!cr, the lower jaAv is gri>uiul against the upper by a uniform 
rotatory motion : the movements may he from viglit to left, or 
from left to riglit, hut they are never regularly alternate through- 
out the masticatory [irocess as in the Camels. 

In the suelvlng Ruminants the first and second cavities of the 
stomach are relatively small, collapsed, and the milk flows almost 
Avholly, at once, into the |)salterium and abomasus. The lamiine 
of the psalteriuin arc early developed in the foetal calf. 

Ill all Artiodactyles tJie dnodeniun is dilated at its commcnce- 
meivt : it there forms a distinct poueh in tlie Camel. The gut 

‘ III this i-uiiiinant D.-iubeiiton coimtcil ‘2t larp:o folds, hikI incli intcrspiioo iiu-lu<h:d 
ojiL* iiiiildh* sized and two small folds, ninoty-six in all. ccwji", tome iv. p. 491. 
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is loosely suspended. In the Ilog it adheres to the back part of 
the ascending colon before bending forward to become jcyunum : 
the small intestines form numerous short convolutions: their 
lining membrane is not produced into folds. Ilunter found 
them twenty times the lengtli of the l)ody of the domestic Ilog: 
they are mucli shorter in tl)e Wild lioar. The ciecum is about 
four inches in length and an inch in diameter, lying loose, but 
attached by a peritoneal fold to the ileum. The colon in part of 
its course is disposed in five spiral coils ^llke a screwy coming 
nearer the centre ; at the end of which it is bent back upon 
itself, passing between the former turns as far as the first, 
but in this retrograde course it gets nearer the centre of the 
screw, so tlmt it is entirely hid at last, then ninkcs a quick turn 

upward, as higli 
MS tlm first spiral 
turn : thence it 
crosses the spine 
before the mcvsen- 
terv, adhering to 
the lower surface 
of the pancreas, 
and, as it were, 
inclosing the fore 
])art of the root 
of the mesentery : 
then passes down 
before the duode- 
num, gets behind 
the bladder and 
fixrms tlie rce- 
tuin.’* 

I'he spiral turns 
of tliecolon, above 
dcscrilnnl, form 
one of the cha- 
racteristics of the 
A rti odacty le or- 
der : they arc re- 

of llif SlK.-rp. xt \i' ' , 

presented, as they 

appear in tlic Sheep, in fig. 36B. The ileo-ca?cal valve consists 
of two semilunar folds: in the Ilog. The ciecura of the Babyroussa 
consists of an expanded, sub-bisacculate part and a narrower short 

* ccTXxvi. ii. \K 121. 
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^^traight obtusely terminated i)avt. Tlie ctecuni of the peccary is 
similar but less capacious, and more pointed at the end. 

In Ruminants the small intestines, of almost uniform calibre, 
are susj>eiHh*d in short convolutions upon a brotid mesentery, fig. 
fi63, a. h. In many species the agminate follicles arc lodged, as in 
Ilynu'i in fossie of the niueous membrane,' fig, 3f)4. Tlie eajcum, 
fig. 3f)3, c, is of a simple oblong form : a patch of follicles, usually 
lodged in a |)ouched rc(‘.css,‘^ is situ- 
ated near the ileo-oiecal orifice. This 
is snrrniuuh'd by a circular ridge; 
the civcum is less dilatcMl in the 
Vicugna tlian in the Sheep. In the 
( iirafle, also, the cjccnm is a simj)le 
cylindrical gut : it is about two feet 
in length ami six inches in cireiim- 
hM’ciiee ; it extends dowj\ ward from 
where the ihunn enters, and its blind 
(‘ 11(1 appears on the l(‘(*t side above* 
the pelvis; lint this [)(»sition might 
he aecidenliil as its coiineetions are 
loose. The ileum terminates by a 
circular tnniid lij) within the caeeinn,’' 
fig. 3G5, (i\ the contiguous glandular 
cavity is sacculate. The disposition 
of the colon resembles that of the 
Deer. The extent of this intestine, 
hefore it hegins to make the spiral 
turns, is alioiii eight feet; it beconu^s narrower wlnn’O it takes 
on this chara(‘t(‘ristic dispositi(.»n, and the se|>araHon of the 
heccs into pellets begins at the end of this jiart. The spiral 
are situated to the left of the root of the mesontcrv, 
which, with the small intestines, must he turned to the right in 
order to bring them into view : there are four complete gyrations 
in one direction, and four reverse coils in the interspaces of the 
prcicedlng, the gut being bent bac'k ujion itself: the lengtli of 
this part of the intestine when nuravelled is aliout fourteen feet, 
fhc spiral coils are not on the same |)lane, but form a depressed 
and oblique cone, whose concavity is next the mesentery. The 
colon, emerging from its coils, jiasscs to tlio right, liebind the root 
td the mesentery, becomes connected with tlic duodenum and the 

' (.'XT.vn", vol. i. 2 ikI ihI. ( 1S.V2) p. 220, No. 700 a, and No. 700 i) ( CaimiHs). 

“ cxi.vii". vol. i, p. 220, Nop. 726 o {Vicugna) 726 i) (Tdnnia) p. 221. 

® x<Tn'. p. 227. 
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first part of its own courso, then Aviiids round to ilie left of the 
mesentery, and finally reciMlcs backward ajid dcsccnd.s to form 
the rectum. In tliose Bnnihiantit, a.s the Ox, which have soft 
undivided fa'ces, tlic coils are Ics,« uumcious and regular; the 
eiceuiu is between two and three feet long in the Ox ; it is sub- 


.'jtjrt 



Jlrc.-c'i.f-aj v.Mlvi- rijid fontigmnis jimnlnafc* f'jJiicJi H, t.'irafft’. xerr. 

at tlie end in llie IJidlalo: tlio colon is sliorter and wider 
in both, thrn in the (lirat{e. Deer, Sbet^p and Goat tribes, where 
the fk‘ees are oxpclleil in small pellets. In sucli Jinininants the 
anus is a more contracted aperture than in the IJovines or in 
Perissodactylcs, 
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Tl)e hcirbivoroiis Mammals differ from tlic eariiivorous more in 
tlic character of their large lhau of their small intestines. The 
less putrefactive naturi) of theii* food renders it susceptible of a 
longer retention in the body ; and tlio rcceptacular and sacculate 
structures, and eouvolute extension, of the large intestines seem 
osi)ocially designed to )*etard the course of tlic alimentary sub- 
stances. I ll the anomalous instance in a I Inman body, recorded 
hy Abernethy, of a reduction of the lenglli of the small intes- 
tine to al)out Uvo feet, the compensation was eficcled by an iin- 
lisnal lengtli and size of the colon. "Hie condition of the subject 
‘ showed that nutrition was not scantily supplied.’^ Dupiiytren 
iiotic.ed in a patient who had an artifical anus near the end of the 
small intestines, that the vegetable parts of the food thence 
ejected were undigested. Dr. lleaumont also observed that the 
vegetable sul)stan<*es underwent much loss cliangc than the 
animal substances in the stomach of the man (Alexis) with the 
fistulous ojicning into the stomach. That organ in the Artio- 
daetyles (Peccary, Ilipjiopotamiis, and Iliiminants) is rendered 
s|)ecially complex for overcoming the diflicidly, and tlie c;ecum 
and colon are (‘omparativoly small: but in the Perissodaetyles 
(Horse, Tapir, Hhinocevos) the more simple stomach is compen- 
sated by tlic imn’cascd cajmeit}' au<l complexity of tlie large 
intestines. The subdivided stoinacli in the Slotlis is in some 
respects, as e. g. the glandular apjieiidage, and vascular secern- 
ing surface of the paunch, more comfdex than tliat of Ruminants : 
and here accordingly we lind the ciecnm absent and the colon 
nndellncd. The Dojinoiise and ollun* hyhernating Rodents are 
liir from lieing the sole exceptions to the presence of a propor- 
timially large cicemn in herbivorous quadrupeds; such receptacle 
is only found in tliosc species, in which, through the necessity of 
a correlation with other cirenmstances than that of the nature of 
the food, the stoinacli j*etains tlie siinjile Ibnn and moderate size 
of that of* the carnivorous or omnivorous mammals. Comparative 
Anatomy demonstrates that neither a complex stomach nor a large 
ciecum is essential to the digestion of vegetable food : but it 
teaches that a eapacious an<l eomplex alimentary canal, as a whole, 
is related to that })urposo, at least in the Arainmalia. Either a 
highly-developed and com*cnl rated glandular apparatus must be 
added to the stomach, as in the Dormruise, Wombat and Heaver; 
01' the stomach must he amplified, subdivided or sacculated, as iu 
the Ruiiiinants and hei-hivorous Marsujnals; or both complexities 
must be combined, as in the Sloths, Diigongs and Manatees ; or, 

' cxLvi". p. 63. 
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if a simple condition of stomach is retained, it iiuist be compen- 
sated by a large sacculated colon and ca'cum. 

§ 338. Liver of Mammalm . — The liver, as a rule, is divided 
into a greater number of lobes in the present than in the piy- 
ceding classes, the body being more flexuous at the seat of the 
viscus. In the stiff-truuked Whales and ercetly-moving Man tlie 
organ is more compact : and it is least subdivided in the purely 
herbivorous Ungulates where a minor degree of hvdrocarboiiates 
has to be eliminated. Thus, in a full-sized Girafte, the liver 
weighed but 6 lbs. lloz. avoirdupois ; it was of a flattened, Avedge- 
like form, consisting of one lobe, Avith a small posterior Spigelian 
process; its greatest breadth was 12 inebes ; its dorso-ventral 
diauieter, 8 inerhos. The postcaval vein passed through a notch 
at the j)ostcrior edge of the liver, and did not [xirforate it. In 
all Iliiminaiits the liver is confined to the right hypochondriac 
and epigastric regions. In most, Iavo lateral lobes are indicate<l 
by a small fissure at tlie entry of the suspensory ligament. In 
the Ox, the miiin part to tlie right is partially^ subdivided into 
two, Avith tlie ‘ Spigelian ’ process from the back part of the right 
subdivision : Avith a breadth of 13 inches and a dorso-ventral 
diameter of 10 indies, the greatest thickness does not exceed 
3 inches. In the CfDnduUe, tlie nndor surface of the liver is sub- 
divided Into inaiiy iiolygonal lobules of small I>ut varying size: 
the fissures between some of Avbicli extend to the convex surface. 

In Cetacea tlie liver more resembles that of the human 
subject, but is not so tliick at its base nor so sharp at the front 
or ventral edge. Tlui riglit lobe, c, fig, 3.5o, is the largest and 
thickest; the falciform ligament is liroad, and tliere is a dee)/ 
fissure, y, between the tAvo lobes, into Avhich tlie round Uganient 
jiasses. The left lobe, /, is extensively and firmly attached to 
the stomach, the small omentum being a tliick substance. 

Ill Sirenla the liver is flatter and more transversely extended. 
In the Dugong tlie liver is a transversely oblong viscus, divided 
into three lobes with a fourth small pru<!ess at the root of the left 
lobe, representing tbe lobulus Spigelii. It is as usual convex 
toAAard the diaphragm, but rather flattened than concave toAvard 
the viscera, the anterior margin is tliick and rounded. Of the 
three larger lobes tlie middle one is the smallest, of a s(]uare 
shape, projecting forsvard, and as it were over-hanging the gall- 
bladder, which is lodged in the middle of the inferior surface. 
The ligamentum suspeiisorium is continued upon the middle lobe, 
immediately above the gall-bladder, the anterior margin of this 
lobe being notched to receive it, and the remains of the umbilical 
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by a ratbetlie liver an inch above the fundus of the gall-bladder, 
tlierefore, tlvcral lobes are more than double the size of the cystic 
condition ; )f these the left is the largest. Both these lobes arc 
of its Invoward the small middle lobe, which they thus surround 
lopcs viiiccal. The lobulus Spigclii is of a flattened and square 
shape, measuring l^inch in length. The Manatee has a gall- 
bladder. 

In the Ilog-tribe the liver begins to encroach mf)re upon the 
left hypochondrium ; and the mass to the right of the suspensory 
fissure is subdivided into a ‘ cystic* ’ and a right lobe, besides the 
si)igelian lol)ulo. 

The Perissodact} les in general have a larger and more sub- 
divided liver than the Artiodactyles, cs]^ecially tlia!i the Rumi- 
nants: no species has the gall-bladder. In the Horse this viscus 
extends as far to the left as the right: the suspensory ligament 
enters the fissure wliicli defines the left lobe : flic mass to the 
rlglit is divided by a second fissure, answering to the ^ cystic ’ in 
beasts with the gall-bladder; and a fourth small lobe is defined 
by fissures on tlie under surface of the right lobe. In the 
Khinoeeros tlie liver is of a dark colour, and has the usual 
flattened form in Ungulates; its greatest thickness not ex- 
ceeding 6 inches in a liver weighing 44 lbs. : it consists of a 
middle portion with tlie suspensory fissure, answering to the 
^ cystic ’ lobe, of a smaller left lobe, and a still smaller right, or 
posterior, or spigelian lobule. The hepatic duct, ^ inch in diameter, 
receives the duct of the larger portion of pancreas as it passes 
between the coats of the duodenum, and such common duct opens 
upon a protuberance of the mucous mcnil.)ranc.^ In the Ilyrax 
the homology of the cystic lobe is better marked by the presence 
of a cystic notch, altliough without the bladder, to the right of 
the suvspensory fissure : the left and right lubes have the same 
relative j)roportions as in the Rhinoceros. The duct from each 
lobe dilates on quitting It,^ and the united capacities of these 
receptacles equal an ordinary-sized gall-bladder; tlie common 
duct continued therefrom is 3 lines in diameter, contracts 
gradually to the intestine, and opens therein P lines from the 
|)yloriis. 

In the Elephant the liver is divided into two lobes, the right 
being the largest: the suspensory fissure is the boundary. There 

' v". pi. 14, fig. i. /), h 

“ CLiii", p. 205. In the largest of these dilatations 1 found a Distoi}ui. Dauben- 
toii found (April) a species of the same genus in the bile-ducts of an Ass, cisir', tome 
iv, p. 419. 
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is no gall-bladder. Tlie hepatic duct, fig. ;1G0, f, [h 
verylong: it has a iTticulate iniicr siirfaoe : it expau 
the coats of tlie duodenum, into an oval re(‘opta(*le, divided 
larly divided into compartments : the first j)anereati(! d ^be pie^- 
also pours its secretion into this rccc])tacle, which contra- vlf fhe 
is surrounded by a sphincter of the circular layer ot fibres, before 
penetrating the muscular coat, which here [)rotrudcs, as a 
mammillary eminence, traversed by the probe, /*. 

In a female Giraffe I found a large gall-bladder, bifid at its 



Terminal Mle-i-oiM-U, li-oj-hant. ut a 


fundus. It was attached in the usual position to the under part 
of the undivided liver, having a covering of peritoneum over 
three-fourths of its surface. It was divided throughout its length 
by a middle vertical septum, fig. 367. The lining membrane of 
each chambfir was smooth ; they communicated w-ith the coin- 
inenceinent of a single cystic duct, the terminal orifices admitting 
freely the blunt end of a common probe and being jirotected by 
a valvular fold. In two males, subsequently dissected, there 
w^as not a vestige of a gall-bladder, but the bile was conveyed 
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by 21 rather wide hep 2 itic duct to the duodemun. I conclude, 
tlierefore, that tlie Jibsencc oftliegall-bliulder is the nde, or normal 
(uajdition ; and that tlie (lij’affe in tJiis respect, 2 is in the structure 
of* its horns, lias a nearer aflinity to the Deer than to the Ante- 
lopes. In these and all hollow-horned Ivinninants, a gall-bladder 
is present; Jis It is, also, in AJ osc Juts iim] Trftf/ulus, In the Came- 
lidw the gall-bladder is absent as in the Cerridoi, A like absence 
ehai'actcrises all l\?rissodactyles, and suggests some rchitionship 
with the small cafiacity and simple structure of* the stomach com- 
pannl Avith the ([uantlty of food taken, and with the rapid 2in(l 
eontlnuous transit of the gastric contents through the small intes- 
thu‘fe to the (mormons ca*cal and colonic rcccpta(‘les Avlicrc dig(?s- 
tioii is finally coni|d(*ted. Jiut the somewhat capricious appciir- 
aacc of the gall-bladder in A’(‘getarian Mammals discamrages sm'h 
altemjits to jihysiologise. Thus the ling, e.g. Avith the simple 
stomach has the gall-bladder, while the Peccary, Avitb a comjilcx 
ont\ has it not. 

'flic liver, fig. /*, r, closely retains the niannnalian tY]»e of 
tln^ organ in Monotrcmics. Four lobes may be distinguished in 
tlie Kclddna : the princi])al or cystic lobe receives the suspensory 
ligament in a fissure ; the large gall-bladder is jilaeed a little to 
the right of this; tlie l(‘f‘t lohe o(‘ciipies the left hy})oehondrium ; 
the Spigelian lobule is of moderate size ; it is an appendage of 
tlio right lolie. The liv(*r presents nearly tlie same form in the 
Oniithorhynelius, Avhieh has likcAvise 2 i large gall-hladder, ib. ,v. 
Tliere are three lu'patie duels in the Echidna which join the 
eystic, and the common canal terminates in the duodemmn rather 
more than an inch from the pylorus. In Ihe Ornitliorhynehus 
tlu^ two elii(d’ lu^patie duets join the (‘vstic near the neck of the 
bladder; the third hejiatie. j(»ins a more distant part of the cystic ; 
the diu'tus eholcdtudius receiviis the pancreatic duet about 9 Hues 
I>efore its termination, as in the Marsupials, Avlume its coats are 
thickened and glandular, and opens into the duodenum about 8 
lines from the ])ylorns. 

The liver is subdivided into many lobes in all the Marsupial 
gcniera. It is relatively largest in the burroAving Wombiit and 
eaniivoroiis Dasyure; relatively smallest in the graminivorous 
Kangaroo, in which it is situated, as in the placental Kinninants, 
entirely to the riglit of the mesial ])lanc. The small or Spigelian 
lobe, Avhieh fits into the lesser curve of the stonuxch, is given 
off from tlie lel*t lobe of the liver in the Kangaroos, but from 
the right in most other Marsupials; the difl'erenee just noticed 
in the Kjingaroo depends on the peculiar disposition of its re- 

VOL. in. 1 I 



482 


AXATO.MV OF VEllTEBKA'rES. 


markable stomaeli. In the Koala the under-surfaco of the 
liver, fig*. is subdivided into thirty or Ibrty lobules: this 

eonditiou is ])rosented in a iniiun* degree in tlic Ursine Dasynre. 
In i\ long-tailed Dasynre, wliieh weighed o lbs. oz., the liver 
weighed .‘]J oz. avoirdjipois. The sus])ensory fold in I/t/mcepludn 
shows hardiv a traee of ‘ ligainentnin rotundum.’ 

Tlie gall-bladder is present in all Marsupials, is of large size, 
and loosely lodged in a deep eleft of the eyslic lobe. Jn the 
()j)ossuin it generally perlbrates that lobe, and ihe fundus appears 
at a round opening on the convex surface of the liver. I have ol)- 

served a cu'cal process from* 
the cystic duet, like the 
beuinnino* of a second irall- 
I ) I a < 1 d t.‘ r . ‘ "I'll e coa t s of 1 1 \ e 
ductus choledoch us are 
thickened toward its ternii- 
uation, an<l beconte the seat 
ofmnncivns mucous cysts 
which open into the interior 
of the duct. In the rhalavi- 
gers the terminal half-inch 
of the ductus cholorlocluis 
is sitnilarly enlarged and 
glandular. T^h^biliary and 
(lanereatic ducts generally 
uniti^ togctlicr before per- 
Ibrating tho auodenuin : in 
the \ irginian O[)o.ssnin, tlie 
long-nosed liandicoot, an<l 
the long-tailed Dasyure, 
they pour their secretions 
into the gut an inch from 
the pylorus: iu the great 
Kan ga I’oo 1 1 1 e gla nd 1 1 1 a i’ 
ductus choledocluis is joined 
by the jiancreatic duet, aiid 
terminates in the duodenum 
o inehes from tin* jiylorus. 
The answorahle jiarts ol 
the liver under its various degrees of division arc indicated hy th<' 
suspensory fold or ligament, wliieh enters a fissure called ^ sus|)en- 
sory% and by the gall-bladder, which occupies a depression, fissure 

^ ’cxi.vn'-'. p. 217. 
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or callc*! ^ cvstio,’ to the riolit of tlie suspensory one. The 

cv stie fissure is the le^ss constant character ; tlu; suspensory fold 
is almost ol)Solete in some l>ats, vvliich pass tlic <>i*eater part of 
their time hea<l downward. 

In the more sim|>le or entire forms of liver, as tlie human and 
cetacean, fig, 2oo, c, /*, tlie susjiensory fissure, il>. //, and fig. 

:j, divides the lel‘t»> il). i, from the right loho, ih. ic, is: the jirocess 
sent off from the under and hack jiart of the gland to the lesser 
ciirvatiu'e of the stomacli, in Man, being the ^ Spigelian lobule/ 
ih. 20 . In the majority of Mammals a lolie is more definitely 
marked off by a deeper cleft to the hTt of the sus|)ensory fissure, 
and a right portion is similarly defined hy a cleft to the right of 
the cystic fissure. These two superaddetl elefts thus define a 
inid<lle, commonly the largest^, portion of the livoj*, which is cha- 
ract%nsevl liy th(‘ “ sus[»cnsory ' and ‘ ey si ic ’ fissures. It is the 


(‘.ysti(r ’ or gall-lolie,* ami 
is the honiologue of the 
right jiortion of tlu^ dt lobe 
tmu the left [lortion ol* the 
right lobe, ineluding the 
evstic fossa, of the human 
liver.-* Tlie portion of the 
gland to the right of tlie 
CAstic lolie, in most (jiia- 
(Irnpeds, is subdivided into 
two or more lobules; the 
lolie to the left more coui- 
nionly remains single*. Hie 
transverse depression usu- 



ally about the middle of flu* nude 


nrfaeo of* tlu* liver, or ot the 


< vstic lobe, by whieli the portal vein enters tlu* gland, is the 
' portal’ fissure, ih. 7. Anotlu*r groove or eanal is called ‘ post- 
eaval/ being traversed by tlie vein, ih. la, of that; name. 

In the large Shrew, fig. M23, ami in most Lisvrtlvorn ,, the more 
'^iilidivided condition of tlie liver, //, //, exists: the cystic lobe is 


’ ' riie *' ” is f lu* lajxfst/ Anal, of ccxxxvi. vol. ii. p. 218. 

X <lo ijol rej^ard tlio vvholo hiiinaii livoras tin? hojno’ugiu* of tlio ‘cystic lube’ in 
■puulrupcds. a)i(i tlio ‘ri^lit and li‘ft IcIh-s* in llunn as .snpcr.-i'ldcd parts, a« in tlic 
blowing view: — ‘ TJ faut considi'ror Ic foie do IV/o/y^y/zf' coinino co»npo.sc d’un soul lobe, 
nous appoltnis “ Iol»c principal ” avee ijn rudinn^nt do lobnU.' droit, ccluide Spigolins. 
i ous vorroii.s Miccp.ssivi 7 iiciit un lobe gauebo cr un lobe droit s’ajoiit»'r :i ganclic ct a 
< rttitc (bi “ lobe priiici|ial,‘’ puis un lobule droit < t un lobule gauclic,’ XJi. tom. iv. 
'« nxicrrie panic, p. 432. TJic Iioinologuc of the ‘ Sj)igclian lobulo’ is shown bv ils 
• t'<atiou to tbe lesser curvature of the stoinacb. Fi.sKurcs, rather thau lobes arc addid 
b> the liver of fpmdrnpcds. » ll>, p. 197. 
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marked by the jjall-bladder, and by the suspensory notch to its 
left; beyond this is the left lobe, and, on tlie op|)osite side, arc 
subdivisions oJ’ the ri^ht lobe. The liver of’ the Tii[)aia adhen^s 
to this type, showing- I'onv lobes, the ‘^albbhulder presenting its 
tiindns at the up|)er part of the cystic fissnns ^ as if in a hole/*^ 
The gall-bladder is for the most jiart ofconsiilerablc si/e. In the 
Hedgehog its fundus ap[)ears beyond the free margin of tlie liver, 
and is suj)ported by a ])roeess of faleifonn ligament. Tn tbo 
Tenree, on the contrary, it is as it were incrusted by the s!d)stance 
of the right portion <»f the principal lobe. 

The liver of Hats is very little d*i\id(?d: occasionally a small 
lobe is marked off to the l<*ft of the suspensory limit of the cystii; 
h»be: still im>re rarely is there a right hdie. All Bats, with the 
Koussettos and Coliigos, liave tin' gtill-bladder. 

The liver of’ the two-toed Shith is confined to the right hy[)o- 
chondriiini, and consists ehieflv of a Y(‘rv lari»e cvstii' lol)e, ns 
ceiving tlie snspensf)r\ ligament ; sometimes a small left lobe is 
marked off, ami there is always a smaller Spigelian lobe, behind. 
Ill tlie Ai ( o-darff/Zus) the left lobe is not present, and 

the posteri(»r lolnde is less defin(‘d ; but there are one or two 
fissures at tliis part. This Sloth lias no gall-bladder: the two-toed 
kind jiossesses one. Hunter describes its cystic duct as passing 
‘ dow’U througli the substance of the liver and emerging at the aorta, 
like tlie ductus hofiaticns;’ it then joined that duct, and the common 
canal entered the dnodennm about 4 inches from tlie pylorus.^ 
The cystic lolie is the largest in the Armadillos: there are two 
small lobes to tlie right, as well as one to the left: all the species 
iiave the gall-bladder. I found it more deeply imbedded in 
f)(tsf/pus .sfxrinrtu.s than in I). l\hnr 

The liver in Orprferopfis diffi’rs in tin? non-division of the right 
lobe. In the specimen disseeted by flaeger,^' the gall-bladder 
was double, the two being elosely <*onnected by eellular tissue, 
and having a cominon covering of peritoneum : the two eystic 
ducts soon unite into one, wliicb is joined by three liepatic ducts: 
tlie common duet terminating about an inch from the pylorus. 
Tlie liver of Miirmi^caphapa shows, likewise, a eystic, a left, and 
a riglit lobe, and extends from the right to the left iivpoeliondrinm : 
the fundus of the gall-bladder protrudes through a sulicircular 
notch at the convex side of the gland in Mtjrm. jubata. 

In tile liodnUia the cystic lobe lias the usual ebaracters, is the 
largest, arul is often so deeply cleft by its eharacteriatic fissures 
as to present the appt^arance of three distinct lobes, the left Jobt' 

* cexxxvi. vol. ii. [>. .177. ^ cxxvm", p. OVl. cxi.ix" p. lt>- 
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is sometimes divicled, and the rii^ht more commonly so, the elofts 
aflociini^ an oblique course. The most notevvorthy inodificatiou 
in the llodont order is that presented by the liver of Capromys, 
Five primary divisions or lobes are indicated by the usual cha- 
I’ncters ; but each of these undertifoes a subdivision ‘ into almost 
innumerable ani^ular lobules, varying iji size Ij-oiu 3 too linOsS: 
though closely in coutaet they are (piite detached fnmi each 
otlier, being appended by their apices to tlie larger branches of 
tlie vena |>()rta^ and lu‘j)ntic arteries and veins. Kach of the 
lobuh's is partially sulHlividcd into still smaller ones, the whole 
structure a])proximating to a complete natural unravelling of 
tliis cringloincrate gland to its component acini/ ^ The gall- 
hladdcr was large; its contents limpid and of a greyish green 
(‘olour. The genera Mns^ Cricetns^ Leminria, .Echimys^ Krethizon^ 
Si/nrfhrrfW'^ as a rule, aio without the gall-blad({er. Cuvier did 
not find it in Sciurufi uia.runuii and in a s))ecies of Ptcromys : but 
in that dissected ))v H unter (iV. rolncelln) it was pres(;nt, as also 
in Sciffrns cinereys and the common S(iuirrel. The J\>rcuj>ine 
illystrij:) has a small gall-bladder, and the eommon .lerboii 
{Dljiuti myittd) has one of the usual size: tlie Cai)e derboa 
f has it not. In all other Uodents the gall-bladder is 
present. In the (iuinea-jng ( porcoVus) Hunter remarks, 

(hat the common duct, on reaching the duodenum, ‘ makes a turn 
and passes with the gut for more than one-third of an inch, where 
it becomes larger, and then it enters the gut. This looks as 
if this duet must make a turn somewhere, as it did not do it at 
tlie gall-bladder/^ The bile in Kodents is thin and lraiis[)arcnt, 
yellow or greenish. 

All (■arnivora have a liver witli a left, a eystie, and a right 
loljc, the latter usually sul>divide(l into two or three lobules : in 
some the left ami the cystic- are of equal vsize ; in others the left is 
tlio largest lobe. Tu the Inoii the cystic lohe is deejdy cleft by 
tlie suspensory fissure and the part to the left of that has been 
counted as a smaller leit lobe: there is a larger one to the left, 
of this, and two small lobes to llu! right ol the part ot the cystic 
lodgimr the oall-bladder. In the AValnis the liver is divided into 
s(‘ven lobes, eaeli of wbieh is more or less lUitchcd at the under- 
surface. Conqiaring this liver with the more simple forms in 
Caniimra, we recognise the liomologiie of the right lobe, here 

* cxw". p, 70. The prfp:iT;ih*»ii is No. 8108, in xx. vol. i. (IS.'CM, p. ‘2;hS. U 
iippenrs tu bo a normal sinieliue in I ho IFuutias, iloserilud in xir. tumo iv. ( 18:>u) 

]»■ LVl ; al.'so hy Say in tlic Jiodent ealled hoihui, wliieh api.n‘ar« to bo i«loiitieal with 
Vdltruruys. clv". ( I8‘2(i). ‘ ccxxxYi. vol. ii. p. 200. 
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divided into two, the vi^ht division beinoj the smallest. The part 
answering to the cystic* lobe is deeply cleft into tliree siibeqnal 
lobules, between the tw<^ right of whii*h, at the base ()f the cleft, 
lies tin* long [tyrifcnn gall-i)ladxler. The honiologne of the left 
lobe is of a broad and romnled figure : it is attached by a band of 
liepatic substance, one inch broad, to the liase of the cystic lobe, 
this band bridging over the jiortal vessels. The lobulns S])igelii, 
so constant in its position liehind the small oinentnm in Mammals, 
here forms the seventh portion of the liver. The gall-bladder is 
three and a halt inelu‘S long, and one ami a Ivalf ineli in diameter; 
a diij)licature ot‘ peritoneum, om‘ imdi broad, extends Irom tin* 
cervix vesicic and the cystic duct to the dmxhmimi. I'be fiimliis 
ot the bladder is attached by sbort<.*r folds of peritoneum to the 
two walls of the (‘vstic lissiirc ; it has an entire serous investment. 

1 he liver of the Seal {Phocn clfulina) tlilfers chiefly in the 
greater elongation and more pointed form of its divisions: viewed 
from below or behind, the left lolie, fig. ;>7(). retains most <»l‘ 

the pormal sbaiie ; in 
the eystie lol)e, />, /;. 
the suspensory fissnn* 
is marked by tin* round 
ligament, r, the cystic 
one, c/, by the gnll- 
bladder, c; f is tin* 
\ larger, ami (/ tli(‘ 
smaller divisions of 
the right lobe, It being 
tlie Spigelian lobub' 
or pro(tess ; / is flic 
])ortaI vein entoring 
the fissure so calltnl : 
k is the post-caval, 
perf'orating the liver 
to eomliinc with tluj 
ln‘patic veins in form- 
ing the; cajiacious sinus, /, Irom which tlic trunk, again <‘on- 
tracted, /w, is continued to perforate the dia[)hragm, before termi- 
nating in the heart. The be|)atie veins in tlu^ Seal have an outer 
coat of circular fibres.' I'bc accumulation of blood in the sinus 
of the hepatic veins during tlic act of iliving in<Ueat(‘S the need 
of a muscular jiowcr to propel the blood onward to the heart. 

The under surface of most of the lobes shows small notches or 

* ( i.vii''. 7:iS, |)1. xxiil. fig. 2. 
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fissures ; and tbese are still more marked in Otaria, Two hcpato- 
rystie dnets entered the gall-bladder in tlic seal I dissected^ The 
evstic duet was joined by a small lu^patic diKjt about half an Inch 
from tlio gall-bladdei* ; and a little lowt'.r down was joined by a 
Ifu-ger hepatic duct, which was formed by the junction of tw'o 
other du(‘ts, each of which was also formed by the union of twa) 
ducts, coining tllst inctly lV<im four lobes of tin? liver. The ductus 
(‘oimnunis was one ami a half inch long; it was jenned by the pan- 
crealiir duct, as it t(‘rminatcd in a dilated saceulus Avithin the 
duodiaial coats. 

d'he inner surface of the gall-bladder is minutely rugous and 
villous, the rugie becoming longitudinal at the cervix, and sub- 
siding in the duet. This character obtains in otlier tV//voVe/v/, 
In all s|)eeies of wbieh the alterativi‘. reservoir of tlic bile is jwe- 
seut. In the Ftdines the valvular or im|>e<ling tw ist of the eystie 
duct is well markc'd. 

Domestic Carnivora, obtaining more food, and more regularly, 
than w'ild ones, bave a <‘on*espomliug iner(*as(^ of the digestive 
apparatus : not only is the intestinal canal longcn*, but the liA'cr 
is larger ; llnna* are more liydro-(‘arl)onates to b(' eliminated, moi*e 
cliyh* t(» 1)0 made.' 

in tin? Aye-aye neither left nor rigid: lobe of the liver arc 
siiImIIn ided ; but, as In other Lemurs, both are distinct from the 
cvstic lobe, which shows the usual cvstic and suspensory fissures, 
and the left lobe is the largest. All the clefts are more trans- 
vcrs(‘, less oldMjue than in the usually more subdivided liver of 
Ivodcids.** in majiy IMatyrbiiios the riglit lobe, in some the left 
1(»1)(*. also, are sul)divi<lcd. In most Catarhiiies the same degree 
of hejiatic division obtains as in Strepsirhincs ; but in some 
Doucs, in (iib)H)]is, Orangs, and Chimpan/ces, botli right and left 
lobes have blended with the evstie, and the snspensorv notch 
l)0< ‘onies, as in Man, the boundary betwetm the twM> masses 
termed M-ight’ and ‘ left’ lob(*s in Anthropotomy. The ‘ 8|)i- 
gclian ’ lobule is a j)rocess of the left j)osterior angle of the right 
Lhc : it is ])artly deiimal by the ])Ost-(‘aval vein, fig. 309^ la: the 
part of the eysiic lobe betw een the eystie and svis]>ens()rv fissures 
is the ‘lobulus quadratus,’ ib. is, of Anthropotomy. 

The lobes of the liver iu its several grarles of natural subdivision 
in the Mammalian (dass are invested by a delicate fibrous coat, 
which is eontinuous with the similar looser investment of the 

' < p. ir>2. 

' 'So nnul.u'ntoii : ‘ Ja.' I'n'u' ilu rl'af dinufst Ujuo ctoit p'os, ]>liis rl (i’liiio 

biam-oiip plus jiuuvr (pu* It' toic tin t4uit: i’NMi'. loim’ vi. 

r- 3 I’Ti'. t:;. 
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vessels in the portal fissure called ^ Glisson’s ca])sule.’ The serous 
accoinj>anics and closely adheres to the fibrous coat, save at the 
portal fissure and along the suspensory and other folds, called 

^ liirainents/ where the serous coat 


:>71 





A lt>nh'iiiiaiu:il soon ;i >uh l<^J uI:ir voiii. 

tl.vn". 


C7 

is rcHectod from the gland. The 
resolution of the lolxis and lo- 
bules of the liver into the ultimate 
subdivisions or ‘acini,’ is natu- 
rally shown in Caprutm/s : as a 
rule they recpiiro section or ma- 
ceration. 

As the anatomist * to whom 
we are indebted I'or a knowledge 
of their structure has a])plicd to 
these ‘ acini ’ the term usually 
given tf) such secondary divisions 
as the * lobulus Spigeliif and has 


founded his nomenclature tlicreon, il will he retained. Kimnaivs 
‘ lobules ’ range iu size from Artl* diameter, ])re- 


sont a foliated contour iu lon- 


gitudinal section, tig. o71, i,.J, 
j( , % a ]M)lygonal one in transverse, 

^ ' : a vemilc^issiiing Irom 

/ W\ tbem wltli the initial 

I or ‘ sublobular ' brauclies ol’ 
‘ hepatic vein (laid o[)Cii in 
■'/ ’l^l)* ihe rest of their 

\ \ j surface is attached by similar 
r ' ' begiuuiugs of hepatic ducts 

absorlxuits, l)y terminal 
\"^A'-4Uk^ " ' brjiucbcs of the hepatic artery 

‘ portal vein, and by nerves, 

j ) J to tlie thin stratum of areolar 

•-> ■' ^i-'^J^ue ccmnecling one lohuh; 

Avith others. ^ *1 coinposed 

f '■ I sory ‘ intralobular ’ venule, of 

' ■' ;i arterial cai)illarie.s, of a plex*ns 

„ , ^ ()fj)ortal capillaries, a plexus 

ot hiliaiy j>a.ssages, ot nerves,^ 
lymphatics, and intorinc<liatc cell-substance — tlic essential part of 
the gland which the other .sUuetures subserve. The section mag- 






Braiidloa of Ok- poi i;!! vt-iii, Mumau. f.Ai,vrii" 
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iiified of a ^snblobular venule,’ fig. 371, shows the commonly 
hexagonal outline of the flattened basics of the lobules 4, the ter- 
minations of the ‘ intralobular ' venules 7, the interlobular fissures 
8, and the ‘ interlobular spaces ’ 
y, at their angles : these are 
continued into the iutervals be- 
tweeji the more or less rounded 
lateral surfaces of th<^ closcdy 
packed, lobules. The ramillca- 
tion of the intralobular venule 
T) is seen in the longitudinal 
section of the lobules, i, 3. In 
the Seal the intralobular veins 
at their exit from the lobules 
enter hepatic-venous canals, 
where they unite into hranches, 
whl(*h are eonnected by a line 
(jellular tissue, forming a sheath 
round the hepatic* veins.' 

The portal v('iu, iu Mam- LoiiKitmlina) xf-rimn ;i rMitill p.>rl.nl vi'iii iitid 
lals, lii IS 'd bvthe * ' 

su])erior, A, and inferior, c, mesenteric veins, by the sjdcnic vein, 
//, by the gastro-epii»Ioic, c, and [lanereatie, J\ veins: the trunk, 
^/, entering the portal fissure, divides into a right, A, and lelt, //, 
hraneh : these penetrate their 
respective divisioirs of the liver, 
ramify and subdivide therein, 
along tracts termed ^ jiortal ca- 
nals,’ lig. ;>73, f/, a \ but wlii<*b 
likewise lodge braiicbes of the 
hepatic, artery, //, and duct, A. r 
As all these are conneeted to- 
getlier h}^ a prolongation of the 
areolar tissue of ^(ilisson’s eap- 
J^nle,’ hranches eontiuued from 
the |K)rtal vein, e, and foianing a 
plexus in that tissue, are termed 
^a.^in<il, lioni which, as well •is vi'novispifwia 

<lirectly from the portal vein, as 

at /; venules enter the interlobular spaces, are called Muterlobiilar 
venules,’ fig. 374, jienetrate the lobule, A, and form a capil- 
hiry plexus therein, most richly at the periphery, but from wdiieh 
the ‘ intralobular vein,’ c, begins. The hepatic artery has a similar 

* civil", p. 738. 
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distribution tlirou^h the portal canal, tig. .‘573, y, whore tlic iniiiiitc 
branches form ‘ vaginal plexilses,’ sending otf interlobular branches 
which terminate in the lobule by a eapilhuT idexus coinmunieat- 
ini: and kandised with the portal one. The meshes of the radially 
arranged plexuses, tig. 375, are occupied by ovga!iit(*s whlcli subsist 
by endosinotic intussusception and assimilation ol* blood-elements, 
modify them by intercluinge of other elementary combinations, 
then perish by rupture or solution of their walls. These bodies, 
ealled "hepatic cells,' much exceed in size the monads of infusoria,’ 
being aVxmt vr,,\jiyth inch in diameter; 1>nt, like them, they have 
a hvallne granulated nucleus, which contrasts by its relVactive 
brightness with the tawny yellow of the minuter gramdes of the 
main contents of the cell, in which also float oil-globules. Thes(‘ 
contents, exuded or set free, fill the intervals of the ‘ uucleate<l 
eells,’ and form tlie ‘ bile,’ or brief e(piivalent of ‘ i)ile vesicles 
without proper walls.* - When an e]nthellmn is discernible, sepa- 
rating them from the capillaries,-’ the !)ile-ducts may be said to 
(a>mmence. The inductive figure given by Kiernan of the intra- 
lobular or Initial bile-conduits, fig. 375, roeeiv(\s support from tin* 
recent eareful researches oflleringin the liver of tlie rabbit: 

he describes tliem as f*onn- 
ing a ])lexus witli polygonal 
m(‘slics ’ from wliich tin* 
canals are continued to lonn 
the interlobular duets, a ; 
from tliese are contimuMl tln‘ 
• vaginal branches/ fig, 373, 
//, Avhicli progi'cssively unite 
to form tin* hepafic ducts. 
Th<‘sc, in Man, emerge, tw(> 
in number, at the |)ortal fis- 
sure: in more divided livers 
the libcrafc'd duels arc more uumcr^>us; but all unite, as a rule lit 
Mammals, into one trunk, which, in those having a gall-hladdcr, 
joins the cystic duct to form tlic " ductus communis cholcdochiis. 
This duct, fig. 370, Uy j)euetrates the duodetpun distiuctly from 
the pancreatic duct, h, both run ol>li(jUcly between tlu^ several 


Afegf 









f. )liM!:ir \ I'l'* 


* iSiich, MS flic Mt/nn.< •-iinjli lia*' ill ‘liMTin l f'P. 

‘ Kin Ctali' n(:'M|>ij|;irvsf fm ohna ci^ciio W’.'uulnn'r.’ ri.ix". p. L'4l. 

^ Ihf' * wl'i.r* ’ oj* - wlu rc ’ sih-li ‘ t-pif!iflin! walls’ arc.' piiiuH], fonninp: a 
tjf proper coutUiils t'ur .'Mn-yinL^ '.'trtlH.- I.Hp tVom tlic inrei’sj'ners of ilia IV-viiiative 

Jiiay long Ijc fl' IK'.I'.-Jiltl'- iinniinl wills Mifrt>{rvMpIi(>rs ; sis now bftWJ-en IJeiile, - 

ami Ilermg. cux''. p. 241. 

^ ‘ Fin Ni'ta niif, jtolyirousilf n Mrtsflit n,’ f jt. 211. Kiej’ii.'in obtsiimtl si vi* '‘ 
of sinastoijjo.sing Inlinry (Jvets in p.-irf of a. lalerMl JigMiin lit of I lie hnin«ri livf r; cnvii . 
p. 769, ],>1. XX iv fig. 4. 
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tuoics, c, d, r, of tlio gilt, in Man, to the extent shown in fig. 370, 
before uniting to form the common receptacle within tlie terminal 
prominence. 

The ‘ carrying arrangements’ of the bile are, thus, on a more 
concentrated plan in the present than in 37(» 

'lower classes o(* W*rtel)ratos. The human 
cysti<; duct shows a series of creseentie tVdds / 

of the lining membrane, directed obliquely / 

round the canal, and so arranged as to give 
the appearance of a spiral valve. Xunuv 
rolls minute Ibllicles, either branched or W'' m/ 

clustered, open upon the mucous tract ot iW/y/ 

the bile-dnets: in the smaller branches tb(‘ir iSj J ji 

orlfici's are in two o]»posite longitudinal M y I! 


From the arrang<'mont and localisatimi in /y h m. 

the ‘ loluile ' of th<‘ capillaries of the two ll ! IW 
systems ol' veins^ <h‘termined, tt>g(‘ther with ; / / c jBj 
most that is of inqiortaiu'c in hepatic struc- ^ 
tiire, by tlu^ admirable reseanrh, skill, and f l| 

patieiuM' of Kikkxax, an ex |)la nation has ~ ; \ I 

been afforded of apjiearances otherwise un- ' ,K 

intelligible or misleading,* Wlien the eapil- ' J* 

larics of the Iiepatii* vein arc gorged, as is h«'i iiruu-i'i'iil ir .Miipuli.'l 
usual in an early stage of congestion, the lu.m.m . ih.jjfn. 

llatt(‘ned surfaces ol’ the lolinles on tln^ superficies of tlie liver 


c (I C 

iiruu-i'l'iil ir .Miipuli.'l 
Iiiiin.'iii ; 


jiresent the appeaiance in fig. 


AY hen the portal capillaric> 
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•'“liulfs of liver with ron^osted hoi’-Ttlo wins. 


Loiaiies Ilf liver with coiiiffested poriti veins. 


are congested, the perijilieral parts of the lohides [iresent the 
deeper colour, as in fig. 378. So, in examining portions of the 

As (i.fy. tlio siipposnl (li.'linotion of ‘eopticar and ‘ medulla ry' siin.slaiuvs of some 
•'ht lors ; of* ’ .^j^j • ytdlow’ sidjslance.s of otluTS. JSer ci vn". [>. 7d3. 
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liver of lower ]\Iamnials, as in that of the squirrel figured by 
J, Miiller,' fig. 37J), the iincongestcd pale ])oripheriil portions of 

ihe lobules, nearest the 
interlobular fissures, e, 
may suggest an arrange- 
ment of ultimate or ini-' 
tial Inliarv duets, whieli 
is merely due to partial 
<‘ongestion.^ The struc« 
ture of the liver is the 
same throughout the 
class ; the form of the 
gland varies, governed 
mainly bv relations <» 1 * 

rwimr.'U'd \ iiv ..r .i*L S'liiii n l. < x.xn. . 

paekage with adjoining 
abdominal viscera, and bv the degree in wliieh it inav be aflected 
by inflections of tlie tniiik. 

§ 3;10. J^iaicreas of Mfimmalin, — Tiiis eongloinerate gland here 
differs chiefly from that in birds by the progressive de\'elo[anent 
of a part more or less distinct from that which is lodgeil wilhiii 
the loop Or fold of the duodminm : such added ]>art may lie 
rejirosented byjhat freely ]»rqj<H*ting end of a fold of the bird’s 
duodenal pancreas (vol. ii. p. ITo, fig. 87, 7 ), which stretches to- 
wards the spleen, hut there is no transverse part of the gland 
extending at right angles from the duodenal jiortion, like that 
which forms the sjilenic or transverse pancreas in tlie ^Mammalian 
class, and whicli ultimately becomes the main jiart or body of the 
gland in them. I n most Mammals the jiancroas is of a pale flesh 
colour, but usually less pink or of less decided tint than in birds: 
it is firmer in texture, and shows more plainly its conglomerate 
structure. 

The pancreas in the Ornitlmrhynchus is a thin, somewhat 
ramified gland bent u]>on Itself; the left and larger portion di^- 
seeTuls by the side of tlu^ left lobe of the spleen. The pancreas is 
thicker in the Kchidna, and*enlarges considerably towards the 
duodenum. The jirincijial difference oci-iirs in the place of ter- 
mination of the jiancreatic duct, which, in the Ornilhorhynclius, 
joins the ductus choledochus, but in tlie Echidna terminates soj)a- 
rately in the duodenum and nearer the pylorus than does the dm'tiis 
choledochus. 'J lie arrangement of the h(‘j)atie and pancreatic 
ducts is thus coTjfminable to the Mainmaliaii type, and tlie Orni- 



cxxii. pi. xi. fl;;;. 11. 
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thorliynchus, in the place of the junction of these ducts near the 
coininenceincnt of the ductus (dioledochns, iiuinifests its affinity 

10 the Marsupials. In these the ])ancreas extends as usual from 
the diiodeiiuin to tlie spleen, behind the stomach ; it is cliarac- 
terised by a process sent off at right angles, or nearly so, to the 
main lol)e at or near its left extremity. Small and thin processes 
branch out into the duodenal mesentery (in a Plialanger); and 
similar but still more nnmerons processes, in tlie peritoneal 
attaching, or omental, fold to the left, giv^e the organ a dendritic 
appearance in the Kangaroo ; but the splenit? pro(‘ess seems to be 
constant. The ])an(‘reatic duet usually opens into the glainlular 
dilatation of ibe ductus (‘holedoclnis, and the secretions enter the 
intestine further from the pylorus than usiiah 

The same low typ(‘ of gland prevails in the lioflcntut^ and is 
well shown by Hyde Saltiu* in the rat { Mas fig. .S80, 

the main part of the gland being that wbieb extends from the 
end of the duodenal fold to the left into the gastrosplenic onientnin, 

wliere it ran\ities: the chief part of the duodenal pancreas 
follows the curve of the gut, but ramilies in its wide jness(:ntery, 

11 Jn th(^ (hivy,Avheve the duodenal loop is longer and narrower 
than in the l\at, tlie included portion of pam’reas reminds one of 
the disposition of that in the liird. Fn the Capybara the resem- 
blance is less because the duodenum is sliorler, and the eorre- 
s))onding jiart of the pancreas is small : the transverse and larger 
part, of th(‘ gland is also more compact than la most Eodciits. In 
tlic Porcupine the duet of the larger )»art ol’ tlie pancreas enters 
llie duodenuni far from tlie pylorus. In tlie Heaver the jiancreas 
is of considerable extimt, measuring in length nearly 2 feet, and 
following tlie course of tlie duodenmn down to the iliac region 
and up again as far as the ninbilical, being attaclied to the intes- 
tine by a process of mesentery: it is thin and narrow, and has 
one small lirancb or jirocess lying parallel with its body where it 
jiasses behind the liver, and a few others at the curvature of the 
dnodemiin. Its duct, somewhat larger than a crow-quill, ent<‘rs 
tlic small intestine at the extremity of the gland, 1 foot and 

inches from the pylorus, and 1 foot and d inches from the ter- 
mination of the ductus choledoch ns.‘^ This is the extreme of 
distance from the ]>ylorus and bilC'Conduits of the entry of the 
pancreatic secretion into the intestinal tract, Avhich has been ob- 
served in Mammals : tlie character jirevails in the Rodent order, 
and Physiologists have availed tliemselves of it in the Rabbit in 


* ccxxxi. p. 9S. 
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experimental research on the action of the bile in the intestine 
before its admixture with the ])ancreatic secretion. Most 
tii'ora also show the flattened branched form of the pancreas in 
the broad membranes suspending contiguous organs : it is shown 
in a large snouted Shrew, in fig. 323, p. In the Hedgehog one of 


3 so 



the duodenal branches hangs freely from the mesentery with an 
entire inve^stment of peritoneum^ 

In the Sloth the left end of the sj)lenlc portion of the pancreas 
has an entire serous C(»at, and is somewhat loosely suspended 
from the back of the epiploon : tlie duodenal portion is narrower. 
In Myrmecopharja the transverse or splenic portion is long and 


c xLYii”. p. 236, No, 7S0 a. 
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nari’ow , coiinedtal witli both epiploon and stomach : the duodenal 
part follows the curve of the «^ut. 

In (A^tatHsa tlie pancreas, like the liver, becomes more compact 
III form: it is unusually hmg, flat, rather narrow but thick, with 
its left end near the sphaui, and attached to the fii'wst gastric cavity : 
it crosses tlur spine at the root of the mesentery, behind the seeond 
and third stomachs, to the right, following, or expanding at, the 
curve of the duodenum, to wlihfli it adheres, and sending its duct 
to /join the hepatic* near the entry into the dilated part of tlie 
(Inodemim. 

In a half-grown Dugong I ibiind the sjilenie |)a.rt of the jian- 
creas seven inches in j^-*ij?th, thick and obtuse at the Icift, and wlierc 
ils diameter was two incihes, and gradually diminishing toward the 
duodenal |>art: the duct is wide, and terminates on tlie same 
j>romimuM*.e with the hile-duet, and at a greater distance from the 
j»ylorus than in Catacca. The panc^reas of the eleidiant shows 
more of tin* rodent than of the nngnlato type of tlic gland. It 
ronsists of s(.‘vcral masses not very closely connected with each 
other, from whieli se[)arate ducts are given off, which unite into 
two (’onduits: one of these pours the seereiion into tlie upper 
eomjiartment of the biliary pouch, fig. 3G(), where it is mixed up 
with the bile therein eontaincMl preparatory to its introduction 
into the! intestine, wdnlo the other opens into the duodenum about 
two inches lower (hnvu. In the Khiuoeeros the transverse or 
splmiic [)art erf the pancreas is the largTst, in length nearly two 
le.et : the duodenal part, about half that hnigtli, exteiid(*d at a 
light angle, chiefly backw'.ard (sacn’ad) expanding witliiu the pro*, 
cess of the peritoneum, eonncctiiig the duodenum to tlie enormous 
cicemn. The duet of the splenic portion entered the duodenal 
fissa common to it and the hepatic duct; the duet of the smaller 
portion terminated about two inches from the other, hut at the 
same distance from the jiylorus. Tlie pancreas in the Hyjena and 
1'apir rescMiihles that in the Ilhinoceros; nor is there any matcndal 
nnMllfi(?atioii in tlie Horse; the (loscending duodenal portion is 
relatively broader, and lies over the right kidney. In the Hog 
the duodena] part is mirrowH*r, but longer: the splenic jiart is 
broad and hifuirate, semding dow nward, or saerad, a process as far 
the left cmulgent vein. Tii llumiiuints the divisions of the 
bioad and flat [lariereas are less dc?fined : the descending process 
comes olF rather from the duodenal side of the gland. In the 
fiiraffe tlic^ duodenum receives the combined biliary and pancreatic 
!^ocr(»t;ions about ten inches from the pylorus. 

The pancreas in Carnivora is long and narroAv, but continues 



496 


ANATOMY OF VERTEBRATES. 


of a more definite and eoinpact form than in /.//■ lAss’-'envf^phnlai 
its duodenal and sj)lonic divisions are, liowever, well marked and 
subeqnal; the former usually describes^ cirelo, as in fio’. 351, 
follon ing that of the comparatively long and loose duodenum ; 
the latter, lb, f\ is straight and t ransversc in course : both j)or- 
tions are triedral, and have an entire, or nearly entire, serous 
coat; and in some species tliis is continued from one of the angles 
as a narrow suspensory fold of the gland, from the j)Ost(‘rior part 
of the great omentum in the splenic portionJ In the Lion and 
most Felines, the duct of the annular })art sometimes coninmni- 
cates with that of the sj^hmic part at two ])oints,' and the main 
duet communicates with the bile-duct, before entering the int(ts- 
tine. In the Dog tlie duodenal portion follows tlu^ descending 
course of that gut, and is longer than the splenic division, which 
it joins at a right angle: the duets of each part unite begween 
the duodenal coats, before joining the bile-duct, wliicb is distinct 
external to the duodenum, and can be separately tied. Cuvier 
notes, as a rare structure or anomaly, a latera] reservoir for the 
pancreatic secretion in the Cat: its duct, about an inch and a lialf 
in length, eoinmunieated with the eommon du(‘t formed by those 
of the two parts of the pancreas, which joins the bile-duct, as in 
the Lion, The dilatation or sac between the tunics of the duo- 
denum in the Seal-tribe is common to the [)aucreati(^ and hiliary 
secretions. 

In the Ayc aye the pancreas is a broad thin gland, extending 
and (expanding from m^ar the S|jleen to the duodenum, and thejua* 
.continued, as the ^ small pancreas,’ a little way beyond the entry 
of the duct, which is close to that of the gall-duct : here the gland 
sends off some short narrow processes into the fold (d* tlie mesen- 
tery : it is, however, more compact, less ramified and diffused, than 
in Rodents. The duodenum heing relatively shorter and less 
loosely suspended in both the Aye-aye and Lemurs, the part 
con’csponding to the ‘small jiancrea.s ’ is less developed than in 
Liniienct^phalni but it is more developed lhan in the true Quad^ 
rummw^ in which the dnodenum becomes still more confined in 
position. The left end of the pancreas is ratiier loosely suspended 
in both licmurs and IMutyrhines: in Catarhines it has only 
partial coveiing from the e|)iplodn, and the gland acquires its 
fixedness and com jiact ness of form which characterise it in them. 
Here the duodcmal or small [jancreas, fig. 381, A, is reduced to an 
enlargement called the ‘ head,’ and which occasionally follows in 
a short curve the bend of the duodenum; it more rarely repeats 
^ xi.vn". p 132. (Clioc'tuh.) 
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the detached cotkUHoti which prevails in some lower mammals : the 
splenic portion, ib. pUs contracts near the spleen, sp. ^'ho thick 
npper border receives in^ groove or canal tlie splenic artery and 
vein. The main dnet tra- 
verses the substance of the 
o;land nearer the lower than 
the upper border; it is coin- 
inonly joined near its end 
by the duct from the lessor 
{>an«reas, or ‘ head,’ h \ but 
the, homology of this with tlie 
duodenal })ancreas of lower 
inninmals and birds is somc- 
tinies instructively exempli- 
fied by the independent 
entry of its duct into tlie hyrajsijiKtlMjstmnacm; 

duodemim, as in fig. 382, 15 , 

(\ III the ordiiia>;y arrangemeut the duet ol the larger, />, unites 
\\ith that of the lesser [lancreas, and tlu) common pancreatic duct 
IK'Motraling the duodenal tunics joins the common bile-duct at the 
ainjmlla, before entering the intestine, as sIioavu in fig. 370. Jn the 



variety u, the iluct of the larger 
jKUiereas, />, alone has this rola- ^ 
tion with the gall-duct, n\ iu a ^ 

riirer variety, c, the common 
duet of the pancreas, />, ojieiis 
tlistinctly from the common 
i)ile-duet, a\ in a still rarer 
anomaly, T), the duct of the 
It'^^ser jiancreas receives Iribu- 
lan’es from the larger [lancreas, ^ ^ 

hc(a>iniug a tube of equal size, T, - \ 

and the two, /y, r, unite, before 
die nsual junction with the bile- 

die jmncreatic duct is a firm 
dssue of interwoven, mainly 
longitudinal, fibr es ; with an 
outer loose areolar covorin*** and 

MTi *4.1 1* 1 • mt P . ' In tlic trnnliifitJoji of ilie pniioreaMc duct 

•»» epithelial ]ii»m}>-. This, in ««*>• 

Hie minute begiiinings of the carrying system, consists of co- 
iiinnar cells so packeil that their ends next, the duct-cavity pre- 
•^‘‘iit a penta- or hoxa-gonal pavement, fig. 383. The initial diictlets 
•uisc fiom the interspaces ot the folliciiiar or cell-structure of the 
vou m. ,, K 


I'SL-, 


Varictif.s in the tertnln.'itiDji of ihe iiniicreatic duct 
Man. ce.x.wi. 
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gland, receiving the contents of the cells, wliich, as in the liver, 
are the agents operating upon the blood-constituents so as to 
convert them into ^ pancreatic juice.’ Hyde Salter, who found 





Turlion (if t j'inirJiMhi lining/ ft Uurt 

1 of :>n iJicli ill (liNiiu t-;r. a 

KaJ/liit. 3hiy. iliinii. C(. x.\ x i . 

illustrations of the ultimate 
structui e of this gland. Fig. 
.'^84 shows a group of follicles 
from the pancreas of a Kat, 
viewed so as to bring their 
central cavity into focus. 
The average size of a ])an- 
creatic follicle is of an 
inch : they are commonly 
arrangevl in grouj)s of very 
various numbers. 

In the follicles j)roteinc 
matter is f<>rmiticd or deve- 
loped tLS selective cells, of 
from -i 5^0 0 'Soou 


381 



Pancreatic folHek's ; Kat. Mngii. ir>0 (liani. (.vxxxi. 

in the thin ramified plates of the 
Eodents’ pancreas the best condi- 



SelcCtive coll(< fiovu the {lanrrenMc fnIJIclos of tlic Kat. 
Minrn. 4‘i<i diam. < ('X.\Xf. 

tions for inicroseo)>ic scrutiny, lias 
given the following amongst other 
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Uliiiuatc lekule or acinus of ll»o pancreas of a Mouse. 
Mayn. ISOdiam CCXAXI. 
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in diameter subcompressed, rounded or {)olygonal in shape ; 
which escape by rupture of the follicde. These cells slightly in- 
crease and become filled by opaque granules, fig. 385, resembling 
the granular contents of the free secretion, which granules ajipear 
to be liberated hy the solution and disap] )earance of the cell-wall 
The spa(*es containing both follicles and cells are circumscribed 
by productions of a basilcmma defining the ultimate lobules or 
‘acini’ of the pancreas; in one of these, fig. 380, may be seen a 
group of follicles containing two results of formifaction, called 
^stages of selective or epithelial cells.’ * 

The fulloAving arc among the later and more exact analyses of 
the pancreatic secretion from a carnivorous and a herbivorous 
species of mammal : — 

PiiiiCiTHtu* juice of (tig (>Scliini(Il ).* I\iii(*r(*atic juico of ass ( tVcrielis).'* 


AV'ater .... 

ooo 70 

Waiter 

980 10 

Si;l id residue 


Solid residue 

1800 

(trgaiiic matter . 

i)u-:hs 

I'at 

0-20 

rnurgatiio . . . . , 

8-80 

Alcohol exlraet . 

OTo 



Water extract 

809 



Soluble salts 

S'90 



IiiMjliiljh^ Sitit.s 

1’20 

Fi-oriclis’ ^ watcr-extnict 

’and Schmidt’s ^>rganic matter’ signify 


:i substance resenibliug albiiiucn ami casein, but not identical 
with ptyalin. Tlie jiancreatic secretion difters from the salivary 
in containing more than doulile the amount of solid residuum, in 
which albumen and casein are abundant ; while they exist in very 
small quantity in saliva. Saliva is neutral, or contains a little 
alkaline carbonate : the jvancreatic secretion contains a little free 
acid. Saliva contains sulpUo-cyanide of potassium ; in the pan- 
creatic fluid there is noue. 

Tliis fluid complettjs llie process of converting amylaceous 

‘ Jn using tlio torms ‘ ’ siiid ‘ imclcale coll ' 1 would not I'c understood as'imply- 

iii |4 that Kucii are profjony of previous ctOIs, their orijrin to a geiiotic process 

iuhei'ited from ‘one priniortlinl fonn into \vliieli lite was first hroatliod (ccx.iii". 
p-t81); The cell is ()in‘ of the forin.s in which proteino maUor in solntion maybe 
<*ij.W‘»^ate(l, with limitation of size and definition of sliape; such forms (Hfifering from 
riyslaLs in bein^r rounded instead (?f angular, as sliowai in tho instnictivo experiments 
of [hiiney (tcix". p. 9.) Accovdinj;ly, to exprt'ss this act, I use, instead of ‘crys- 
tallise,’ tlio word ‘forrnity,’ for crystallisation ‘ forrni faction,’ for crystallising ‘ fovnii- 
fyiog’: such tenns imply, simply, the fact of the a-ssumption of tho forms called 
‘ irraimh',’ ‘ corpuscle, ’ monad,’ ‘globule,’ ' disc,’ ‘ cell,’ ‘nucltms,’ ‘nucleate cell,’ &c. 
‘ l’oruiifi(‘d particles’ cling, like crystals, to tJn^ fre(^ surface of tho cavity containing 
tho solution, and are tlum tornu^d ‘ epithelial cells’ : such surface soeins favourable to 
th'-‘ initiation of the formifying process: hiil a largo propoilion of tho results of such 
l)ro(?c.ss is manifested in tlu^ free state, liki* llu' IIikj crystals that follow concussion of 
w'ater cooled gradually and quietly below the freezing point. 

cj.xii". ® cj.xni". 
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matters into sugar, was commenced by the saliva. Bernard 
maintains that it also exercises the more important office of emnl- 
sifying or saponifying the neutral fatty matters contained in the 
food, by decomposing them into glycerine and their respectlv(* 
fatty acids, and so rendering them absorbable.' But the latest 
experimenters are agreed only in regard to the first result, and 
the chief ofliice of tlie pancreatic secretion in digestion still awaits 
determination. 

§ 340. Peritoneum and appendaffen in Mammalia , — The abdo- 
men, as a definite and circumscribc<l visceral chamber, is peculiar 
to the present class: the heart and other thoracic viscera are. 
shut out by the (Hunpletc transverse septum or ‘ diaphragm ’ from 
the major part of the trunk-cavity, to which the term ‘ abdomen’ 
is now restricted. The serous membrane called ‘ peritrmeuin,’ 

which lines this cavity, is rellectcd 
fn»ni the walls upon the principal 



abdominal viscera to some of which 
it gives a complete, to others a 
partial, investment. In the human 
subject the peritoneum, as in the 
section shown in fig. 387, ])asses over 
the fore [)ai tor the abdominal aorta, 
/, the postcaval, A, and the kidneys, 
ky h ; but is reflected so as to inclose 
the liver, stoimudi, sj)leen, and maj»)r 


Transverfeo mcUmi of al ilmurn Uirouuli the intestinal Caiial : it is CM»n- 

flriit liun?wir viTti:l;.ra ; Iliiul.'tii. ccxxxv. 

tinned from the transverse fissure ot 


the liver upon the lesser curvature of the stomach to form the gas- 
trohepatic omentum. At the level of the seidion figured, one ])art, 
fy is seen passing forward from the left kidney to enclose the spleen, 
A, and the stonuudi, ax the opposite border, c, is the part of the 
lesser mnentum inclosing the hepatic dmd and vessels, c. Another 
fold of peritoneum Is reHecte<l from the upper and fore part of the 
abdomen upon the umbilical vein (^f the iietus, which afterwards 
degenerates into the ‘ round ligament,’ d\ the su])porting fold, //^ 
being continued into the suspensory fissure of the liver, and form- 
ing its ‘falciform’ ligament: other folds continued from thedia- 
phragm uj)on tlie opposed convexity of the liver arc its ‘coronary 
and ‘triangular’ Jigainciits. The lesser omentum, more properly 
the ‘mesogaster,’ or peritoneal fold which inairdy susjicnds the sto- 
mach and conveys thereto its vessels, also covers and suspends tlm 
spleen; and this part of the mesogaster is termed the ‘ gastrospleiuc 
omentum, ’ of wliieh, in Man, only the left or outer layer forms 


CLXIY . 
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the splenic covering. Both.layers recede to include the stomach, 
fig. 388, ft, whence tliey are continued from the line of the greater 
curvature over the lore part of tlic abdomen, and are folded back 
to the colon, in the form of a large or apron, including vessels 
and more oi* less fat, forming tlie ^ great omentum,’ ib. o, o : it is 
peculiar to the JMfirnmaUa^ coexists with the diaphragm, and may 
have useful relations as insulating the perislaltically wliiding in- 
testines from the constant rc.spiratory movements of the abdominal 
walls. '^I’he posterior returning folds of the omentum meet 
the transverse arch of the colon, recede and embrace that intestine, 
as the anterior or descending folds had embraced the stomairh ; 
the (‘olonic ff)lds are continued 
hack as a suspensory ‘ meso- 
colon the upper layer of the 
fold passes over the I’orc part 
of the iluodenum and pancreas 
to the posterior abdominal 
walls, (he lower Jaycr is con- 
tinued a short way down those 
walls, and is again reflected 
forward to the small intestines 
as the anterior or ujipor layer 
of tlieir siisj)ending fold called 
‘ vnesentery.’ The relations of 
the peritoneum to the pel vie vis- 
<‘era sliow no class-specialities. 

Jiarge omental ])r()cesses with 
accumulated fat are never con- 
tinued from the nrinary blad- 
tler, and rarely from the pelvic 
cr other regions of the abdo- 
minal walls, as they are in most 
^ small ones from the 
>^er()us coat of the large intes- 
tine are developed in many Ungulates, and arc called appen- 
dices epiploieai ’ in the human subject, '.riie serous sac of the 
fdjdomen communicates with the mucous canal of the oviducts or 
‘ lallo]>iaii tubes,’ but is elsewhere closed in the female, and is a 
•^kut sac in the male mammal. Productions of this sac, how- 
^‘ver, Jiccoinpany tlie testes into the scrotum ; hut are insulated 
l>y obliteration of the (‘anal of the spermatic cord in Man. 

fhc above leading features in the disposition of the peritoneum 
offer modifications in the present class. In the insectivorous 

* XX. vol. iii. pt. ii. p. 221. 
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species of the Ly- and Liss-enccphala, with little or no caecal 
distinction of the lntestin(‘s, the suspensory fold of the abdominal 
alimentary' canal may be almost as simple as in lizards ; c. g., in 
the >Shre\vs, fig. 389, m. The omentum is restricted to a very 
small dii])licature from the spleen, supporting some processes oi‘ 
the ramified pancreas. When the caecum and large intestines are 
more developed, then the ])eritoncum, reflected from the back of 
the abdomen, appears to make a half twist, fig. 380, c, to form 


380 



the mesocolon, behind Avhich the duodenum passes to become 
the loose jejunum, which, with the ileum, is suspended on the 
mesentery. Tlie meso-duodenuin, continued partly from the 
upper layer of the mesocolon, is hero of a size characteristic of 
the peritoneum in many Mammals, but is reduced in Quadru- 
and is almost lost in Man. The great omentum or epiploon 
is larger in Rodents than in Shrews ; but is transparent, and 
with little or no fat: it includes, in Rodents, [aincreatio processes, 
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ib. with the spleen. In the Kangaroo it is of moderate size, 
continued loosely Irom the stomach to the transverse colon, but 
not extended beyond that part. The posterior layer lies l)e- 
tween the stomach and the intestines, and excm))lifi(^s one of the 
uses of the epiploon, as it prevents these })arts from inter- 
fering with each other’s motions. The anterior layer generally 
contains more or less fat. In the Petanrus the epiploon is 
(continued from the great curvature of tlic stomach and the 
commencement of the duodenum. In the Plnilangers it is of 
considerable (vxtent and is usually loaded with iat. In the 
Opossums I have found it generally devoid of fat, when this 
substance has been accumulated in other parts. In tlie Phasco- 
j^ales and Dasyures the epiploon is of morlcrate size, and contains 
little or no fat. The epi]>lodn is attached to the lower arches 
of the several divisions <»f the stomacli in Cetaent^ is always 
devoid of fat, and is of limited extent: the subdivided spleens, 
Hg, 3.35, A, /, arc scattered in it, as iii a net : it is in ])arts reticu- 
late. The epiplo.dll is small and does not coAcr the iiitcstin(*s in 
Sinmuy l^rohoscidia^ and P(:risso(liictj/la, It is, also, ot‘ limited 
extent in the Ilog-trihe. In fatted JSheep it is larger and is reli- 
ciilatod with adii)ose mat ter. It is attached, in Puminants, to the 
l ight side of the left division of the rumen, and along its anterior 
or ventral convexity, jiassing from the right of this to the abomasus 
iiiul the beginniiigof theduodennm: it does not (‘over the intestines, 
and is commonly found enimjded up beneath the paunch. The 
i*eti(.vulat.e slrueturc of the great omentum apjiears to he natural 
and pretty constant in the Dog and some other Cfirnironi ; in the 
Seal the omental fold is thin and devoid of lat. 

The peritoneum lining the elastic ventral Avail of the abdomen in 
the Klephant and libinoeeros is of unusual ihieknoss and strength, 
the ai'colar tlKssuc connecting it to adjacent structures presents an 
aponeurotic firmness ; the free suiTace of the serous membrane I 
foiuid to be Avhite and ojiaiiue;' it is generally transparent and 
opaline or colourless. In some hibeinating llodents a fold of peri- 
toneum extends forAvard from each lumbar I’egion, covering the 
lateral coiiA^olntions of the intestine as far as the umbilicus, and 
toAvards the bciriiiniim of Aviuter becoming the scat of an abdominal 
deposit of fat : they may serve with the ordinary omentum tlie 
double purpose of nonconductors of heat and a store of nutriment. 

[Since Sheets t-dd were printed off’, the excellent Piiper clxxxvi'' lias appeared, 
showing that the dooiduons teeth of the mole, though too minute to seem of use, 
are not shed until after birth. In other respects Mr. K^pence Pate coiitirms the 
talpine formula given at p. 304.] 


‘ v''. p. 37. 
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Cfl VPTHU XXXI. 

AHSOliriF.NT SYSTEM OF MAMMALIA. 

§ 341. Larteah. — In ]Maninialia the intestinal villi constitute a 
modification of surface intimately related to the fonnation and 
more especially to the ahsorption, of chyle. Such villi, e.ff. of a 
calf killed alter l)eini!; fed with milk, exhibit, when rnai»nifu‘d 

as in fio\ 390, a central canal, dilat- 
\u<f towards its end, c, white or opafpie 
M'ith chyle: it a]»]>ears to he an ex- 
cavation in the s»Ml)stance of the 
villus, and the only definite tunic is 
the liinitary memhrane, ft ; from which 
the epithelium (shown in li^, ooO, a) 
has heen removed. The columnar 
(‘oils of wdiich this epitlielium is com- 
posed are the direct agents of ahsor|»- 
tion. Kach cell becomes gradually 
filled by a clear globule of relrac- 
tive fluid, like oil. The scattered 
cells which are first filled, cause 
parts of tlu* surface of the villus 
to glisten, as in fig. 391, in contrast 
with the darker tracts of unfilled 
cells. The oil-like globule next un- 
dergoes changes, represented in the 
cell-series, fig. 392, which mainly 
consist in a subdivision or reduction 
of the globule, d, to the granular 
state in a, the nucleus of the coluni- 
\ i!ii ir„ t. .! (■ uf. Tiar (jcll remainiim unchanfred. These 

•JKlUil. CI .WVJH". ” ” I 

granules, or molecules, escape by 
rupture or solution tlic eell-wall, i»euctrate the limitary 
merubraiie, heeouie a^gresf.'ited in the husal tissue of the villus, 
and finally outer the lactoul canal. Dead auimal membrane docs 
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not prevent the effects of the ever-present, ever-active force whicli 
manifests Itself, e.^., in the comhination of an alkaline solution 


nith a less alkaline fatty emulsion 
previously separated by such mem- 
brane : and the cell-wall would offer 
much less physical resistan(‘c to the 
diffusive interchanoe than the inem- 
brauc used, e.g., in Matte ueci’s ex- 
perlineiitsJ Hut, besides the act ot 
physical imbibition, Avitli Avliich the 
intussusception of aliment by nu)- 
nads or nucleate colls is closely re- 
lated if not identical, there are also 
assjinilativc changes cHected by*^ tlicse 
organites. Viewed by the microscopic 
aids of the last ee,ntury they Avere 
thought to be orifiC(?s by whicli the 
chyle was sucked u|) and then con- 
veyed by beginnings of the huucal ab- 
sorbents to the central space or ‘ trunk,’ 



of which ("ruiksbank saw * but one in 
each villus’ of a female who had died 


villn“, inairri. 
i\V(» hours Jifior fi i-iiiuf?. exi.vui" 


suddenly a few hours after a full meal (cLWViii''): o(‘casionally 
two have l)ec]i seen with looped unions in one villii.s: in JMam- 


nials with broader villi the chyle-cavity is reticulate. These 
hunks arc, however, the first de- 
finite aUsorbent channel, and, ac- 
quiring proper walls, unite together 
at the roots of the villi to form a 
network at the areolar basis of 
the mucous membrane, whence 
brancdies pro(‘ced to jierforate the 

uuiscular coat, and take a trans- 

’ ^ ^ orial, niriirii. Xio tliuiii. rxLviii". 

verse course to the line of attach- 



ment of the mesenteric layers, 'riiere are, also, superficial ab- 
sorbents of the s.erons eoat, which affect a longitudinal coiirse and 


unite vvltli the laeteals in their passage to the areolar interval of 
the layers of the mesentery ; here they traverse tlic mesenteric 
glands, and progressively unite into a plexus surrounding the 
su|)erior mesenteric artery. The laeteals and lymphatics from 
the caecum and colon, which also traverse absorbent ganglions or 


* ciAXvn". p. 104. 
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glands, ultimately join the mesenteric lacteals, and the contents or 
the whole intestinal system of absorbents arc cjirried by a few 
trunks to a ‘ chyle-receptacle,’ %. 399, ii, at the root of the mesen- 
tery, whence are continued the beginnings of the ‘ thoracic duct.’ 

§ 342. Lymphatics , — Tliesc difler from the lacteals only in the 
nature of their contents, and even this is a temporary or contingent 
ditrerenee, for the lacteals convey a clear lymph, when the func- 
tion of chylification is suspended. The gastric absorbents accom- 
panying the right gastro-epiploic vessels communicate behind 
the beginning of the duodenum with ^hlCteaLs ’ and absorbents 
from the liver : the gastric absorbents from the lesser curvature 
join those of the liver descending ^ Glisson’s capsule:’ the ab- 
sorbents accompanying the left gastro-epiploic vessels unite with 
those from the spleen. The pancreatic absorbents communicate 
partly with the splenic ones, partly with the duodenal lacteals. 
The deep-seated absorbents of the liver, continued from the initial 
plexuses already adverted to iu the portal fissures, fig. 373, 
emerge with the he|)atic duets, and are joined^ by those of the 
gall-bladder and by many of the superficial absorbents : they 
traverse glands in ^ Glisson’s capside.’ Some of the sii|)erficial 
absorbents ascend along the coronary and lateral ^ ligaments ’ and 
enter the thorax, independently of the trunks of the (kioper-scated 
ones. They combine with the absorbents of the heart and lungs 
and those accompanying the internal mammaiy’ vessels to 
form three or four trunks comniiinicatinir with the thoracic duct. 


The direct work of taking up waste tissues is <lone by indepen- 
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dent organites ; the earliest recognition 
of absorbents is as intercellular spaces 
or areolic (vol. i. p. 45.')), or serous cavi- 
ties; the canals continued from which, 
when filled by injected fluid, resemble 
a ' ])Iexus/ such as lireschet has deli- 
neated in figure 393 : such plexiforin 
beginnings are commonly superficial, 
as beneath the skin and the serous sur- 
face of organs : in the substance of or- 
gans and tissues the origins are ‘ lacunar’ : 
in both forms tlic free surface shows 


nucleate scale-cells. When a distinct wall can be defined, the 


lymphatics of Mammals are seen to be more numerous, mi- 
nute, and "highly finished’ than in lower Vertebrates. And, 
though remarkable for their almost transparent delicacy, their 
walls are strong, and in theni may be distinguished fibrous layers 
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and a lining membrane ; the latter consists of flat and nucleate 
epithelial cells, adherent to a reticulate subfibrous membraniform 
basis : it presents a smooth surface, like that of a serous membrane, 
to the naked eye. The fibres of the middle tunic affect a circular 
arrangement, are contractile like other fibres of the ^smooth 
system,’ and are also elastic. An outer tunic may be defined by 


394 


Mf fiyiuphatiOi"’, (^ liorso ; h, htmiaii ; 
mn^u. (i.xviM", 
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the longitudinal course of the fibres oi* the condensed areolar 
tissue mainly forming it. In the thoracic duct longitudinal 
fibres of the ‘ smooth ’ kind are distinctly siiperaddcd to the outer 
coat, and a reticulate membrane has been 
detected between the inner and fibrous tunics. 

In the present class, the inner tunic is Added 
to form many and efKcient valves, of the 
‘ semilunar ’ form, juid commonly in pairs, 
fig. 394, rarely single; it is reflected from 
tlic fibrous coat half-way across the area of 
the vessel and then folds back upon itself to 
return to the wall, which it continues to line 
until it forms the next valve. The tw'^o layers 
of the fold firmly adhere, and offer great re- 
sistance to any pressure upon their concavity. 

In figure 395, a shows a side-view, b an 
oblique, and c an ond-vie^v of the usual dis- 
position of the valves in pairs in distended 
lymphatics, when their free margins , meet and 
close the area of the vessel to iirevent the 
lymph flowing back. Mr. Lane has figured 
three varieties in the valves of lymphatics, fig. varieties of vaiv.-s of Ljm- 
396, near their entry into the conglobate bodies ^ 

called ^ glands.’ In a, one fold, 5, was less than the other i, and 
the margins of the outstretched folds did not meet or perfectly 
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dose the vessel tlie inner surface of wliicli is sho^vn at a : in n 
the folds were rontiunoiis forming a subcircular valve, and con* 
tained both fibrous and serous tissues: in c, besides the ordinary 
pair of semilunar valves, A, A, there Avas a subcircular fold, c. 

§ 343. Ahsorbf'/tt bodies, also called lymplia* 

tic or lacteal ‘ conglobate glands,’ arc much more numerous in 
Mammals than in other Vertebrates. In the limbs they are 
chiefly situated at the flexures of the joints ; and, being connected 
by a looser tissue to surrounding parts, elude pressure by the 
freedom of motion so allowed. They occur in the neck and head 
external to the cranial cavity : in the thorax at the anterior and 
j)Osterior ‘ niediastina,’ and at the bronchial trunks where they 
arc usually discoloured by black (‘arboiuu^eous matter. In tlu* 
abdomen tlicy are found in tlie mesentery, near the spleen, and 
along the side of the aorta, post-caval, and iliac vessels. In the 
neighbourhood of the liver and gall-bladder post-mortem exudation 
tinges them yellow : as a rule, they are ol‘ a piidvish grey^ tint. 
The absorbents which enter the gland, fig. 397,. n, o, o, arc com- 
monly smaller and more numerous than those that quit it, ih. 
c: the former, or ‘ vasa inferentia’ divide into small branches 
previous to entering. They then finely ramify, lose their proper 
tunics, and become continuous with those lacunar channels or 
‘ vacuoles ’ winch appear in the cell-mass of the tievelopiiig 
glands.* The ])rc[u)nderancc of the fibrous tissue lel‘t, as it Avere, 
in the peripheral pail. of the gland gives ground for the distinction 
of a ^cortical’ from a ^central’ portion. Hut there is no definite 
boundary-line: septa extend from the ‘caAcrnous’ capsule, at 
first lamclliform in the cortical part and becoming eord-like or 
‘trabeeidar’ in the central part. In the latter, the lymph- 
channels become larger, especially in the mesenteric glands, and 
have been termed ‘loculi:’ they arc large in the mesenteric 
glands of the Cetf/cpo, though not in the degree, or with the 
anatomical relations, described in clxxiv", p. 27. They are 
paved l)y the flat nucleate cells, and usually contain a Avhitlsh 
pulpy matter: minute plexiform vessels, surrounding the ‘ loculi,’ 
form the beginnings of most of the ‘ vasa effcrcnlia,’ ib. c; a few 
are direct continuations of the inferent vessels. 

§ 344. Disposition of Lymphatics , — In the Mammalian class 
the anatomical dis])Osition of the lymjdiatic system has been 
most conijdetely traced out In the human subject. Success- 
fully injected, the superficial lymphatics of the loAver limb 
present the general arrangement shown on the fore-part of 
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the leg, in Mascagni ’3 magnificent work (cLXXi''), from which 
fig. 398 is reduced. On the inner side tlicy tend to converge 
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Ml)out tlio vena sa[)liena, an<l, with | 
the deeper-seated ones, mainly unite 
into trunks wliieh again subdivide ^ 

to enter the inguinal glands,’ tig, 

.'Hit), I, 2 . Their efferent trunks 
idfect the course of the iliac vessels, 
eonverging toward and uniting by 
cross branches with those of the 
opposite side, and (?onnnunicating 
w:th the lacteal system, at the ‘ re- 
cc‘i)taculum cliyli,’ ii, wlicncc pro- 
^ced the origins of the thoracic duct, 
ihis, in Man and most Arammals, 

outers the thorax between the aorta s„pfrnoBiiy.u,d,an.....f ti,o lower cxi.t. 
and vena azygos, and li<\s behind the 

ccsophagus in the posterior mcdiastiiiiiin. It is frequently tor- 
tuous and rarely single throughout. It often splits into two 
or more branches, which after a longer or sliortcr course reunite ; 
Ihis division and reunion may be two or throe times rej)eatcd. 
fho principal canal, in Man, fig. 400, u, n, mounts into the 
coivical region in front of the vertebral artery and vein to tlic 
h'Vel ot the seventh cervical vertebra, opposite to wliieh it be- 
gUKs to form a curve, first fonvard and outward, then downward 




Supfrlli'lHl lyiui'lial li’.'S «'f Mio lower t'xlre 
mity. tM.xxi". 



5\0 


ANATOMV OP VERTEBRATES. 


and inAvard, over the subclavian artery to reach the angle of union 
between the left subclavian, .v, and internal jugular, 7, veins, at 
Avhich point it empties itself into the venous system by one or 
more branches. The corresponding veins on the right side also 


31)9 



Absorbent trunks of inguinal ami lumbar regions, with receptaciiliiiu ehyll ; Human, clxx ' 

receive lymph, but usually by a short trunk, ib. r. There have 
been observed, in Man, varieties winch are more constant in some 
lower Mammals, as, c. g., a double * thoracic duct,’ one terminating 
in the left the other in the right subclavian vein ; a bifurcation 
of the duct at a higher or lower level, one branch terminating in 
the angle of union of tlie subclavian and internal jugular veins of 
the left side, the other cmjitying itself either into the correspond- 
ing point on the right side or joining the right lymphatic trunk? 
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close to its termination ; a single trunk terminating altogether on 
the right side of the conflux of the internal jugular and subclavian 
veins, in whicli case a short lymphatic trunk is found on the left 
side similar to that which usually exists on the right, constituting 
a partial lateral inversion or transposition confined to the trunks 
of the lymphatic system. The right lymphatic trunk nearly equals 
the thoracic duct in dia- 
meter; it is, however, not 
more than half an inch in 
length. Its situation is iu 
the neck at the level of the 
lower edge of the seventh 
(•(n'vical vertebra, lying 
close to the inner edge of 
the ^ scalenus anticus,’ 
and opposite to the union 
of the subclavian and in- 
ternal jugular veins, at 
\Yhich |)oint it terminates 
in the venous system. It 
receives the lymphatics of 
the right u])per extremity 
and of the right side of 
the head and neck, those 
IVoin the right lung and 
right side of the heart, 
s<»me few from the rii^lit 
lobe of t he liver, and from 
the exterior and interior of the right upper half of the body. 
Sometimes the trunk of the cervical lymphatics, fig. 400, e, enters 
i^eparately the jugular vcin,y. 

§ 1145. MatnmaUan modifications , — The lacteals iu J)asi/urus 
civerrinus converge to two subclongatc, dark-coloured mesenteric 
glands ; one of them situated near the pylorus, at the end of the 
pancreas. The cysterna chyli is plexiform iu the Marsupials 
which I liave examined ; in the Kangaroo it lies upon the crura 
of tlie diaphragm, and extends u|)on the right side above the dia- 
phragm into the thorax. Two thoracic ducts are continued from 
the cysterna, one .along the left, the other along tlie right side of 
the bodies of the dorsal vertebne. The right duct crosses the 
seventh vertebra and joins the left, whicli again divides and re- 
mutes, forming a slight plexus, before finally terminatiug at tlic 
confluence of the left subclavian and jugular veins. The double 
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thoracic duct has been observed, with a similar arrangement, in 
the Doff and Sea-otter. Tn most Caniivom the niesenteri<! 
glands are aggregated in one mass, known to tlie old anatomists 
as the ‘ pamn-eas Asellii : ’ in the Wcfisel it is in two masses, and 
in tlie Cat, lelineumon, and Seal lias been found more subdivid(‘(l. 
In these, however, there is one principal gland or ^ vasoganglion,’ 
the efferent vessels of which quickly unite into a trunk grooving 
its dorsal surface in the Seal, iVom wdiieh tw o main canals pi’oceed 
to the thorax. In Unifulata and Qumlruminia. the mesenteric 
glands arc numerous. 1 liavc noticed a large one in the meso- 
colon of the Ecliidna, near the rectum. The chylc“rece})tacle is 
large and cavernous, sometimes bihicular, in the Horse : the 
thoracic duct has showui varieties like those above described in 
Man, but it always terminates in the prccaval vein at the union 
therewith of the two jugulars. In the Ox the lymphatic trunk 
perforates the diaphragui by an aperture distinct from tliat of the 
aorta: it usually bifureates, sometimes becomes jilexiform, in ilie 
thorax: tlie tw'o divisions diverging to the rig^it and left inno- 
minate veins formed liy the junction of tlie jugulars and axillari(‘s. 
In the Hog the thoracic duct has licen observed to terminate in 
the azvgos vein. The orifice of communication wdth the venous 
system is iisiuilly defended by a pair of semilunar valves; but 
varieties liave been imted, and, after doatli, blood has l>een 
observed in the tlioraxdc duct of the Horse. 

Independent movements of co^itraction and dilatation Iiavc been 
witnessed in the chyle-receptacle and laeteals of the Ox;* but no 
rliythmically pulsating sacs have boon detected in tlie absorbonl 
system of Mammalia, mn* have other points of communication with 
the venous system been uncontrovcrtibly determined, save thos(^ 
above described. 


n.wv' . 
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CJJ’tCl LATINO SYSTEM OF .MAMMALIA. 

§ .‘MO. Blood of Mammals. The l>loo(l in this class is liot and 
red, with a proporl ion of organic matters to tlie water as great as 
in JJirds, and more alxiundingin blood-discKS, which, as a rule, arc 
of a circular form, and of* smaller size tlian in Ompara^ consisting 
or’ viscous homatosim! without a cell-wall (vol. i. fig. 8, a^ />). 
Jlesidcs [lie ordinary i*ed <li.scs there occur pale or granulated 
Ycsicl(‘s, the ap])ea ranees of Avhich, in the 1)lood of a Peramclf's 
cxjiinined by me in 18.‘^8, ^suggested the idea that such l)Iood- 
(lisc was undergoing a spontaneous subdivision into smaller 
vesicles.’* 

Tlie existence of a capside, or rather a dKTerence between the 
]K‘rij)heraI and central parts, in ordinary mammalian blood-discs, 
seems to be demonstrated l)y submitting them to a solution of 
magenta, nhon the contents become a faint rose colour, \vith a 
muj’c deeply tinted outline, at least in part of their circumference : 
oecasionally a definite jairt, like a nucleus, is recognisable. 

In the highest class of Vertel)rates the vseveral tissues of the 
ImmIv are hest defined and, so to speak, most highly finished; 
1 I 1 C condition of organic matter by and through which the acts 
of addition and suljtraction are performed in relation to the 
growth, maintenance, and renovation of sucli tissues is the 
fonnifietl proteine suhstauce, or orgaiiite. It would seem that 
mei-e fluid would not serve the purpose: the more solid particles, 

* f'lwix", p. 471., Tliis ’uL-a has vocrlvod ooiilinnatioii in various df'givrs: l.y 

Qiukrii. (sM«-d. Ga/.ftlo,’ .laiuiarY, 1810), hy Martin Barry (‘Philos, 'rraiis.’ 1810, p. 

ly AYhart«.)n Joiios (il>. JS tO); and more rocM'iitly by Dr. Roborls, of .Maiu-hostor, 
oi Ijis iiistvnrtlvo vcst'iiri'hos, aido^l by the* oiHrts of a solution of luaj^onta on t ho blood. 

11m- ]ia.lo oorpnseJos woi-o more st roiijrly ijnii-d t han the rod ; aial tboir miolci wortMlis- 
I'lavt d with great oloa nnss, d/otl of a luagnilka'iit. oiirbunclo-rod. A luiinbor of the 
luolci woiv Soon in tlio jH'ix'osM of <livi.sion, more or loss iidvaina'd, and in some oolls’ 
(jJiy ‘granulate vosiolos’) ‘ the partition had issin'd in tho production of (wo, tUivo, or 
i«nir ;bstinot secondary nuclei. There wjis evidence that these seeonihiry nuclei woro 
f'Ot: IVro in the blood, aii<l, by s!ib.«eqnciit, enlargtanent and change of fonn and clioiiiical 
‘‘or^lit udori, dovelo}>od into red blood-di.«.cs.’ — Proceedings of the Lit. and Phil. .Society 

‘hanohester, 1866. 
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called blood-discs, added to the ‘liquor sanguinis,’ move iu single 
file along the terminal capillaries of tlic circulating system and 
here come into the requisite contact with the tissues for the in- 
terchanges in question. One visible result of the giving and 
taking tlirough attracting and repelling forces, usually defined as 
‘ vital," * is the change of colour which here takes place, viz., from 
florid to inodena, in the general system, and the reverse in the 
resj)iratory one. Agreeably with this view of tlie function of the 
blood-discs we find them, in relation to the grade histological 
development in the class, to be the most nnmerous and most 
minute relatively to the bulk of the body, in the ])resent : in other 
words, the collective circulating surface eftccting organic inter- 
change ivS greatest in the blood of Mammals. 

The blood-discs are squeezed in the narrowest tract of the 
ca|)illaries, and by their elasticity resume their shape in tlie wider 
part; they arc not constantly sejiaratcd by jilasina from the 
ca])illary wall, and the thickness of that wall is very inferior to 
that of the mombrano which experiments have showm to allow of 
endosmotic transit of matters. The mammalian blood-corpuscle, 
as a general rule, is a circadar disc; and, instead of being swollen 
in the centre by a nuclear part, is there thinner; the disc is conse- 
quently slightly biconcave : it consists of the albuminoid coloured 
matter, insoluble in serum, called hematosiiic, the particles of 
whicli have aggregated, according to tluiir formifying forces, into 
the discoid shajx*, TIic colour of the individual blood-disc is 
yellow; lighter in the middle where it is thinnest, deepening to a 
red tint only wlicn light is reflected fiom a thickness resulting 
from an aggregate of many discs : the quantity of the disc- 
substance similarly aficcts transmitted light. 

The average diameter of the human blood-disc is ^Vo o tb of an 
inch (vol. i, fig. 8, a\ I early availed myself of the menagerie 
of the London Zoological Society to test the characters of size 
in the jVIammalian class, and comnuiriicatcd the twa) cxtroincs, ob- 
served, e. g., in the Kle])liant and I^ygmy Musk (ib. i), with some 
other instances from different orders, including Marsupials and 
iSIonotreines, so far as to determine the class-characteristic afforded 

' ‘ 'J’oD.s ]o.s fails Ics micnx ron.sfalAs mo soniMrut inoiitrcr quo los du 

no sont, pjis do simpKrs ooncr/t.iojis inortos de mutioro. anininlo rosidtnnt <I’i.ino sorto do 
preoii>itation oi: do o<ia<_Mdaiioii sjdioiv/idalo ; qno ce sonf. an cojitrairo dos parl ios 
wanros;' crwxjx.. p. SO. Novcrtholcfes if, as Aohorson tliought h<^ obsoiwl, 
(CLXXXifi/') tlio whito nr {rraimlar globulfs sliocdd bo ii result of reaction of 
particles on prot* ine-math r.s in plasina, their manifi starion of forces, though oalltd 
‘ vital,’ would not fa? valifl against an ob.servod mode of ‘ spontaneous generation’ or 
‘ fnrmifaction ’ of Slid) globules. 
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by the si'/e of the blood -discs.* In evci'y Individual a certain range 
of size wOvS presented, and the two extremes and the average wei e 
recorded : thus, in the Indian Elephant, the largest blood-discs 
were twice the size of the human, and tlie smallest was not less 
than average being TjVooth inch.^ In the CJhe- 

vrotain ( the average diameter of the blood-disc 

^vas TTinfi) incli. In tlie Giraffe the average size of tlie blood- 
discs was inch, or nearly one-third smaller than those of 

Man ; the two extremes were -47^*7; „ th (foN^^ in Tuimb(?r), j^^jL-Y-thof 
an inch (more in niimhor). The result of the examination of 
llui blood of the largest of the ruiiiinaling tribe indicates that the 
size of the blood-discs relates to the condition of tlie whole organi- 
sation rather than to the bulk of the species. It would appear from 
tin* examiuatioii of the blood-discs in the goat, slicep, and ox, tliat 
an nnusnally small size of tlie blood-discs w^as associated with the 
peculiarities of the ruminant structure.’ ^ This generalisation has 
not been affected by later observations. Maxdl ^ had discovered 
in the Dromedary that the blood-discs were elliptic. I confirmed 
the fact, giving tlie long diameter of the average^sized discs as 
.../Yfo til inch, the short diameter inch; hut I remarked 

that among the elliptical discs 'were a few of a (iireular form. 
I^xtending tlie observation to the smaller South Ameri(!au species 
of tin' aberrant rumiuaut family, I found the elliptical form to }>re- 
vnil in the blood-discs of both Llama and Vicugna.*"' In the hitter 
tin*, average dimensions were, in long diameter 4*77, short diameter 
..■h.,* Vharton Jones snbse(piently observed blood-discs 

of a circular form with the more numerous elliptic ones in the 
TJaina.-' These excel itional instances to tlie Mammalian form of 
i)lood-disc are not associated with any otlier ajiproximation to the 
oviparous type: the oval kind are equally non-iiucleate Avitli the 
ordinary circular hlood-discs, and adhere to tlie ruminant charac- 
tdistie of minuteness of size. Within the limits of that natural 
groiq), it will be observed that there is a ratio hetwoen the size of 
the l>l(>o(l-disc and that of the animal, lint sueli ratio is quite 
inapplicable to the Marmnalian class generally. If the Canivlidoi 
repeat a reptilian sluipe of hlood-disc, the Sloths liave the largest 
hlood-iliscs in proportion to the body : but neither one nor the 
other character occAirs in the Monotremes and Marsupials wdiich 
combine the greatest proportion of oviparous characteristics in 
their Mammalian organisation. In the lichidna and Ornithorhyn- 

' ci.xxix". * Ib. p. 284. * Ib. ]). 281. 

^ CLxxxn", p. 1060. ^ Ib. p. 475. « clxxxi". p. 73. 
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elms the blood-tlises arc circular and average 
diam. : being larger in proportion than in jMan, though less than 
in the Sloths. The numerous and insignificant gradations of size 
of ]\Iaininalian blood-discs between the two extremes noted in 
CLXXix 'have been recoi’ded, decimally, in ccxxxix, vol. i. p. 84. 

§ 347. Heart ([f Mammalia. — Jii Mammals, as in other Ilanna- 
tothermals, the venous and arterial parts of the vascular system 
have no communication, beyond the heart, save at the peripheral 
capillaries. 

'fhe right auricle is less definitely divided into ^ sinus ’ and 
^ auricle' jn’oper than in Bii’ds, and the intervening valves, always 
less efficient against reflux from the auricle into the sinus, 
gradually disappeai*. The right aiiriculo-ventricular valve re- 
sembles in structure the left, as being membranous and attached 
by tendinous threads to muscle. Other diflerences between the 
circulating systems of the two hot-blooded classes are shown by 
blood-vessels. 

'fhe heart, with its bag, or pericanliiim, i.s exclusively located 
in the thorax, and in many iilammals is more or less sei)arated by 
a lobe of the lung, fig. 308, w, from the diajdiragm, q. 

A. Heart of Lyeneephala . — In the Ornitliorhyiichiis, fig. 308, 
a. Ih c, it presents a rounded oblong, scarcely conical, Ibrrn ; it is 
situated in tlie middle of the fore part of the chest, parallel with 
the axis of the cavity, inclosed in a thin sul)traTis|)arent but strong 
pericardium. The right auricle, is larger and longer than tlie 
left ; its appendix is iVoo and is slightly bifid. It receives the 
venous bhaid by three great veins ; the left jirecaval,/, descen(b 
ing bcdiind the left auricle, c, to join ihe termination of the [)ost- 
<*aval, h ; to the right of which the coronary vcdii also terminates 
in the auricle. The riglit j»rccaval, c, is joined to the left by a 
transverse branch, y. There is a dee}) but closed fossa ovality 
near the upper extremity of tlie septum of the auricles ; in- 
dicating that the inlra-iitcrine existence of tluj young was ol 
longer duration than in the Marsupials. The right ventricle, (h 
is capacimis, with tliiu parictes. The tri<mspi<l valve consists of 
two membranous and two fleshy portions: the smallest of the 
latter is situated nearest the origin of the pnlmonary artery;, and 
corresponds with the lesser fleshy valve in the heart of certani 
Birds (vol. ii. p. 188, fig. 92, m) \ it is attached to the whole of the 
side of the first c>r adjoining incinbranous portion. Tlie second 
fleshy portion answers to the larger muscular valve (ib. fig. 9^^ 0; 
The two edges of the low er half of tlie second fleshy portion of 
the valve in the (Jrnithorliyiudius are free ; but those of the 
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ijj)pcr half are attaclied to the two menihranoiia portions of the 
Iricuspul valve; the margin of the mcmhranous part of the valve 
in attached to the fixed wall of the ventricle hy two small chorda5 
teiidiiuMe; and the structure of the valve thus offers an interesting 
transitional state between that of the jMamnnil and that of the 
Bird. The origin of the pulmf)nary artery is ]>rovided with the 
tlnee usual sigmoid valves. The left ventricle has very thick 
parietes, which form the apex of tlie heart; the mitral valve is 
inombranous ; the larger ffap is attached to two strong coliimntc 
raruete ; the snialler flap also receives tendons from some smaller 
colmnine. The left auricle, e, receives two ])ulm()nary veins. 
In the Echidna the free appendix of the right auricle Is slightly 
indented. The terminal orifice of the riglit j)re(*aval is i)rotected 
by a membranous semilunar valve, extending from its left side. 
The innscull poetinatl diverge from a strong faseiculue wliich 
extends from the ap[)endix to the orifice of the inferior cava; 
this fasci(‘ulus hounds the left side of a wide fossa ovalis, which 
is imi>erforate. The [lostcaval is protected by a large membranous 
Kustaehian valve; the left fireeaval tcrmiiiat(‘s l)y a distinct 
aperture 1o the left of the j)re(‘edjiig, and is also defended by a 
process of the iMislaehian valve. The inner surface of the right 
ViMjtriele is more irregular than in the Ornithorhyuelms ; the 
lVc(^ wall is atta(;hed to the fixed om? by several eolumnie carncfe 
and short chordic lendinea;: the tricuspid valve is memlirauous, 
and consists of one principal portion attached to the exterior 
ciremuference, and a smaller portion closing the outer angle; the 
IVoe margin of the valve is attaidied to the extremity of* a lai’ge 
fleshy (M)lumn, arising liv different roots from both tlie fixed aiid 
the free walls of tlio ventricle ; a short fleshy column is attached 
to the left extremity of the valve ; some (‘horihe tendineie are 
fixed to its right angle. 

The lioart of Marsupials offers no ])ecullarity in its general 
outward form. The ajiex is less obtuse in some species, as the 
Bhalanger and Womhat, than in other>s, as the Kangaroo. The 
serous layer of the pericardium is rcHe(‘tcd upon the large vessels 
near to the heart. The fibrotis layer of the pericardium adlicres 
to the stenuiin. The ajipendix of the right auricle is always 
<livided into two angular procresses, //, lu figs. 401 and 402, one 
ni front and the other behind the trunk of the aorta, o. The 
nght auricle presents the following marsii|>ial (conditions: — There 
is no trace of a ‘ fossa ovalis ’ or an ^ annulus ovalis,’ * and the 
absence of these structures, wliieh are present in the heart of all 

* XX. vol. ii. |). 52. 
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the placental 3Iamnialia, relates to the very brief period during 
which the auricles intercommunicate in the Marsupials, and to 
the minute size, and in other r(?spects incompletely developed 
state, at which the young marsupial animal respires air by tlic 
lungs, and has the mature condition of tlie pulmonary circulation 
established. The right and left auricles intercommunicate by an 
oblique fissure in the uterine eml)ryo of tlie Kangaroo when 
two-thirds of the period of gestation is past, but every trace of 




Iie/irt of riie Kangaroo. 


Kcart 0/ llio Wombat, 


tins fetal structure Is obliterated in tlie Bubscffuent growth of the 
lieart ; so that in the mature animal the wide tenninal orifice of 
the postcaval, ih. d, is separated from that of the right prccaval, 
ill. h, by a simple crescent ic ridge, ib. c, which forms a salient angle 
of the parictes of the auricle between these apertures. The orifice 
of the left jirccuval, ib. c, is close to that of the postcaval, in a 
position analogous to that of the coronary vein in Man, Avliich 
here opens into the left [ireoaval. The right aurlculo-veiitricular 
valve is membranous, and its free margin is attached by fine 
‘ chordae tendineae ’ to three mammillary ‘ colutnnae canieae ; ’ these 
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in the Kangaroo, fig. 401, arise from the septum of the ventricles, 
l)iit in the Wombat, fig. 402, the base of two of the ‘ columnai ’ 
is situated at the angle between the septum and the thin outer 
wall of the ventricle. The I'ight ventricle extends nearly to the 
apex of the heart in the Wombat, but falls short of that part in 
tlie Kangaroo. The ventricle is continued in a conical form, 
somewhat resembling a ^ bulbus arteriosus,’ to the origin of the 
])ulmonary artery,/, figs. 401 and 402, and jmyects beyond the 
general surface of the 
lieart further than in or- 
dinary Mammalia. The 
appendix of the left au- 
ricle is notched in tlie 
Kangaroo to receive tlic 
apex of this process, but 
not in the Wombat. Two 
pulmonary veins, i, fig. 

403, terminate close to- 
gether, or by a single 
trunk, at the upper and 
dextral angle of this au- 
ricle. The mitral valve 
is regulated by two short 
and thick mammillary 
colunina';, ib. A, A, which 
scud their tendinous 
(djords to the margin 
and ventricular surface 
of the valve. 

The ventricles and 
auricles present the usual Manvmalian proportions and relative 
thickness of the parietes. Three sigmoid valves are situated at 
the origin of the pulmonary artery, and the same number at that 
of the aorta, 

u. I kart of Lissencephala, — In most species of this subcliiss * 
the right auricle shows the modifications resulting from the return 
of* the blood thereto, as in Ltjencephalay by two distinct ])rccavals, 
of* which the left opens alongside the postcaval into the lower 
(sacral) part of the auricle, as in figs. 401, 402. In the Por- 
cupine a large ‘Eustachian’ fold is on the auricular side of the 

* Capnmys is an exception, among tlio Rodents : at Iciust in the specimen I dis- 
Rf'ctcd, tlii‘ Idood from the head and fore-limbs entered the auricle by a .single precaval 
vein. exxx". p. 72. 
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postcaval aperture, and a slight ridge indicates the remains of the 
upper fold, funning the boundary of the * sinus venosus/ In the 
great Anteater 1 observed that the resemblance to the auricular 
valve in Ke[)tiles was rather closer: — the entry of the postcaval 
was guarded as usual by tlm Eustachian valve, or homologue of 
the lower of the two semilunar valves between the sinus and the 
auricle in the Crocodile (vol. i. fig. 339): and here there was 
also a narrower valvular fold or ridge on the opposite sidei of the 
postcaval orifice, answering to the second valve (ib.): a ridge is 
continued from both valves toward the o{)eiiing of the [jrecaval. In 
the Elephant, also, which shows its rodent affinity in the two pro- 
cavals, there is, besides tlie ‘ Eustacliian ’ between the orifiees of 
the postcaval and left precaval, a remnant of the nj)])er valve ex- 
tending from the fjosterior side of the orifice of the right ju-ccaval. 

''fhe inner surface of the right ventricle is smooth and even, 
little hrokori hy trabecnla^ in Rodents and other lAHsi^nwplutln, 
Two or three slender •mammillary columns’ send tendinous 
cliords to the trienspid valve In the Por(*ii pine and Hare. The 
apex of the lieart is snb-bifid in the Hare and Acouchi : It is simple 
and obtuse, with the ventricles broatlor and rather flattened from 
before backward, in tlie Jicavor: it is relatively longer and less 
obtuse in the Water-vole*: in neither of tin? aqiiatii* Rodents are 
the foramen ovale or ductus arteriosus kept patent. In most 
Rodents the right ventricle readies io tlie ajiex : in Ilebnujfa 
it even descends lower than the left ventricle. The Iicart is short 
and obtuse in the Sloths: the auricles almost cover the basal 
yiart of the ventricles : the pericanlinin adheres to the diaphragm 
by loose cellular tissue, and tlie thoracu^. Iiart of the postcaval 
is short. The jiericardinm is not so attached in the Armadillos, 
and the heart is more (dihuig in shape, with the ajiex iiioi’c 
sinistrad ; the lower third forming the apex is due wliolly to 
th(i left ventricle, from the basal part of which the right ven- 
tricle |>rojects, like an appendage, in JMsy/rns Peha. Ori/cternjnis 
has the Eustachian, but not the Thebesian, valve: the muscular 
walls of the left ventri<de are foiir times thicker than those of the 
right ; but are almost smooth internally. With an unnsual 
thorai.’ic convexity of tlic diaphragm, in the AIolc, is associated a 
less symmetrical |>osition of the lieart than in other Lissence- 
phalans.’ The tenuity of the jicrlcardium is a characteristic of 
many Insectivnra: notably of tlie Hedgehog. 

C. Heart of Ceturra , — In these marine and fish-like Mammals 
the heart, like tlie brain, shows higher characters than in the 
preceding subclasses. The pericardium extends down upon 

' cxxii'. tom. iv. p. 48 G. 
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tlic abdoiniiial muscles to reach the diapliragin, which lias a like 
]ow" jiositioii anteriorly, to which it adheres broadly : and the 
prcc^avals unite and terminate in tlie auricle by one orifice: 
tlie, thoracic part (»f* the postcaval is very shoi't. The mnscadi 
pectinati are avoU developed in the right auricle, and the 
ajipcndix is distinct, but undivided. Tlie fossa ovalis is feebly 
marked in the Cachalot, is deeper in some Delphinidic, but in all 
(rtffcm it is closed: there are neither Kustachiaii nor coronary 
valves. In the Cachalots and Whales the vcMitricndar mass is 
subdepresKsed and semicircular, the apex lieing rovnuh^d or rather 
H.’itteiUMl, and sometimes indented: for the right ventricle is eo- 
exleusivc with and sometimes terminates, as in the Mammalian 
(Muhryo, distinctly from the left. In PIioccv.iki. and most Del^ 
phinitifc, the of the ventricle is sim|)le aiul better marked. 

The movalde wall of the right ventriele lias about half the 
thickness of that of the left, showing the exercise of greater force 
in propelling the bhuul through the lung, than in land Mammals, 
'flic tendons of* tjie tricnsjiid valve go to tltrce sliort and thick 
( olumns ill most (j'tacra , ; but tlie rest of the inner surface is 
l)roken by strong trabecular l>ands. Hunter notes the soft 
yielding substaina* of the semilunar valves in the llt/prroodnn he 
(lis'^ccted, suu’uestinii’ that thev wom*o naturallv less strong than 
in land ALimmalsJ Tin.' left auricle is less than tlie riglit, with 
many w’ell-defined muscular columus on the inner surface, and 
n (listiuct a])[)endix ; but is less 
il(‘shv than the rigiit aiiriele. 

In the left ventricle liotb tra- 
hocnlar and inammillarv Ibrins 
ol’ muscular jiroccssos of the 
inner surface are numi’rous. 

Tlic most striking feature 
in the anatomy of Whales is 
the vast size of their several 
organs : the heart may be moi*(‘ 
tlian a yard in transverse dia- 
meter, and not miicli less in 
length. 

1). Heart of Strenia,- — l^be 
outward division of the ventri- 
cles indicated In some Cvtacen 
is earned to an extent very cliaraideristic of the present group : 
but in Rhtjtina and Monatus the cleft is not quite so tleep as in 
the heart of llalicorc^ fig. 404. 

* ec xwi. ii. j). 111. 
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In half-grown specimens of Diigong' I found the foramen 
ovale cotni)letely closed, and the ductus arteriosus reduced to a 
thick ligamentous chord, pcrinoable only for a short distance by 
an oyc-probo from the aorta, where a crescentic slit still repre- 
sented the original conununication. In the sinoothness and 
evenness of their exterior, and their general form, the auricles of 
the Dugong, ib. resemble those of the Turtle ( Ctielonfiy vol. i. 
fig. 335): the appendix can hardly be said to exist in eitlicr. 
The right auricle, a, is but little larger than the left, f‘: the 
miisculi pectinati are well developed, especially in the left: they 
are irregularly branched, and with many ol‘ the small round 
lasciculi attached only by their two extremihes to the auricular 
]>arietcs. There is but one precaval and one postcaval orifice in 
the riglit auricle, with a smaller coronary inlet. The puhnonaiy 
veins terminate in the lef t auricle by a common trunk one inch in 
length. The free wall ol* the right ventricle scarcely exceeds 
at any part a line in thickness, and is in many |)laces even less. 
The trieuspid valve is attached to three fleshy eplumn.s by chordai 
tendin(.‘se given off from tlie sides and not the extremities of those 
coluinns, both of which extremities are implanted, UvS trabecuhe, in 
the walls of the vcntviclcs. There arc several otlicr columnie 
cariiojc passing freely from one part of the ventriede to anotlier, 
like tlic muscidi pectinati of the auricles, and which have no con- 
nection with tbe tricuspid valve. The mitral valve is adjusted to 
its office by attachments to two sliort and transversely extended 
mammillary columrne. Tlie thickness of the parietes of the left 
ventricle varies from half an inch to an inch. The valves at the 
origins of the great arteries, c,/, present the usual structure. 

K. Heart of fjjignlata. — In all hoofed beasts the ventricles are 
conical ; tlic apex being longer and sharper in Knminants than in 
most other Alammals. Tlie auricles arc relatively smaller to the 
v(Mitricles than in the preceding groups. The three parts of the 
tricuspid valves are distinct from their confluent bases, and are 
pointed at the apex : tlie basal union of the two parts of the 
mitral valve is of a greater extent, forming there an annular 
valve about the left a urhado- ventricular oj>ening. The smooth 
inner surface <»f tlie ventricles is but little interrupted by fleshy 
columns. Tlie Horse reseuiblea the Kumiiiant in the general 
shape and structure of the heart: but in the Tapir‘s it is shorter 
and broader, as it is in the Khinoceros^ and Elephant. The 
right auricle in the Rhimwerosy as in most Ungulates, has but 
one precaval orifice, and shows no valve at the termination of 

* IXYH". p. 3r». ’ 3 cui". 8 v". p. 4(5. 



IIEAKT OF CARNIVORA. 


523 


either tlie postcaval or coronary veins: the contrast presented 
by the Elephant, in this respect, is significant. The strong 
cliordic tendiiiete of the tricuspid connect it, in most LTngnlates, 
^vith three obtuse and transversely oblong carnoie columna?: one 
rising from the inovalde wall, a second from the septum, and a 
third smaller one from the anterior interspace between the fixed 
and movable walls: the tendons diverge from each column t(» 
the two contiguous moieties of the divisions of the tricuspid — a 
ju'ovision ensuring the simultaneous action and outstretching of 
the thro(.‘ portions of the valve. Two smaller coliimus placed 
t)j>posite to each other, one on the free, the other on the fixed 
wall, are (‘onnected in the Khinoceros and many other Ungidates, 
hy a single strong tendon passing a<‘.ross the cavity from the apex 
of one to the ()ther,^ In the Hog some of the tri(nisj)id tendons 
pass to a thick short ‘column’ projecting from the free wall, 
others i)ass fliroetly into the smooth convex lixed w'all of the 
ventricle. 

Ill most llum»nants, especially the larger kinds, there is a bent 
hone at the liase of the heart, on the septal side of the origin of 
the aorta, and imbedded in the tendinous circle which gives 
attaclmient to muscular fibres of the ventricle ; in the (liraffe 
tliis hone was two-thirds of an ineb in length. Two such ossifi- 
eatii)ns of the sclerous tissue have here been met with in Oxen and 
Kod-decr: an ossified and an unossified piece of fibro-cartilage 
are more commonly observed : in the Horse tlicso bodies at the 
septal side of the aortic ring arc rarely ossified until extreme 
age. 

F. llaart of ( y/zv/Zro/v/.— Tn the present group tlio heart is more 
obtuse at the ajicx, and the left ventricle forms a greater share 
thereof, than in Uimulates. The Eustachian valve is wantinn: in 
most Carnivora] where indicated, its remains have been found in 
the smaller kinds, as the Weasel, Polecat, Ichneumon, which by 
their size resemble the immature of the larger species. The 
inner surface of the ventricles, especially the right, is imu’e fiisci- 
cnlated, and the number of caruc;e columnin is greater than in 
Ruminants, A condensation of the sclerous tissue of the aortic 
ring in the Lion and Tiger, at two points, indicates the homologiies 
of the heart-boncLS in Ungulates. In these and other Felines the 
mammillary columns are c(mtiimed from tlie septal end of a strong 
trabecular tract between the ‘ fixed ’ and ‘ free ’ avails of the ri*^ht 
ventricle. The lieart in Pkocidee is broad and somcAvhat flattened, 

' I luivf not, found, in Uumii\iintft, so exclusivo an origin of tho inaintnillary columns 
Irom tlio ‘ free’ or oxtornal wall, as described inccxxxix. t. lu. p. 502, after ci.xxxV'. 
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with im obtuse apex; tlie appendix of the right auricle is bifid, 
one process covering the origin of the pulmonary artery, the otlier 
lying u[M)n the riglit ventricle. The auricular septum seems to 
be formed by an extension of the left j)art of the wall of the 
anterior cava, terminating in an arch to the right of the 
postcaval orifice, which thus seems to oj)en (as it did in the 
embryo) into the left auricle. In the younger of two Seals, 
(Phoca. vitulinn)^ which I dissected,^ the valve that cuts off this 
original communication l)etween the auricles was incomplete, ami 
left a large ‘ Ibrameii ovale:’ in the older Seal, not full grown, 
the ‘ valvula foraminis ovalis’ was complete as to its extent, and 
the margins wore adherent, save at the upper part wJierc an oblique 
aperture, admliting a goose-quill, remained. In a young Walrus, 
the entire margin of the ^'alve was adlierofit, and there was no 
intercoaimunication between the right and left sides of the heart. 
A broad ci’cscentic fold, hK)king downward, di\ ides the sinus, or 
fossa, receiving tlie precaval vein from the larger and deeper omj 
receiving the j)ostcii\al one: this fold answers to jhc nj)per border 
of thc^fossa ovalis ’in the human heart; there is no orifice in the 
‘ fossa ’ communicating with the left auricle. There is a small 
semiliuiar valve at tlie coronary orifice, but no liiistachian valve. 
Thoaiipeudix of the auricle, in extends in front of tlie 

base of the aorta as far as the ]mlmonary artery, gradually con- 
Iraeting to an obtuse point: in Ct/stophora prohosriden the 
anriimlar appendix is sliort, liroad, and bifid; in lioth it is occn- 
]»u‘d by a reticular arrangennmt of carmae columnar. The 
ventricles are broader in jiroportion to their length, and tlui apex 
is not jiroduced in Tridu-idius^ as in Vijatuphora prnhosviibuf \ the 
tendinous cords of the anterior division of the tricuspid valve, and 
a few of lhos(! of tlio right or external division, are attachc‘<l to a 
sliort and tliick fleshy column from the free wall of the ventricle* ; 
this column is connected by a short and thick ' trabecula ’ with 
the septum; most of the other tendinous conls are attached to the 
srqitnm, and a few to traheculie connecting that fixed wall with 
the fr(.*e wall of the ventricle. The jiulmonary artery presents no 
peculiarity; it is connected by the ligamentous remnant of the 
‘ ductus arteriosus,’ winch is 10 lines long and 5 lines in diameter, 
to the under j»art of‘ tlie aortic arcli, just beyond the origin of' 
tlie left subclavian ; its cavity is obliterated, but a short, thick, 
semilunar fold of the lining membrane of the aorta, with its 
concavity turned toward the end of the arch, indicates the place 
of tlie former fmtal comiminicating channel. 

‘ n,vi"..p. 152. • rxci". p. 101. 
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G. Henri: of Quadrumana. — In the Aye -ay e, as in otlicr Le-- 
irtfiridce, tlie lieart is rounded, subdepressed, with a very obtuse 
apex; much resembling' that of the four-months hxitus in Man : 
the right auricle is much larger than the left: it receives tlie 
blood by a single ])rocaval, by the postcaval and coronary veins. 
There arc both Eustachian and Thebesian A’alvcs, and a well- 
marked fossa and annulus ovalis. These also characterise the 
right auricle in liigher Quadrumana, Tlie carneae columnai and 
eliordie tendiiK\e are more numerous in the right ventricle of 
IVIonkeys and Baboons, relatively, than in ]\ran : the divisions of 
the tricuspid terminate in abroad and rounde<l margin ; that next 
the orifice of the pulmonary artery being, as usual, tlie largest. 
In the left venti-iele the colurnme carneieare numerous and small, 
giving a strongly reticulate character to the inner surface. 

The pericardium, which has a limited adhesion to the diaphragm, 
opposite the apex of the heart, in Lemurs, progressively becomes 
less perpendicular in the thorax as the Quadrutnana rise in the 
s(‘ale, with (concomitant shortness of the thoracic post-cava, aiul 
increasing extent of‘ adhesion of th(‘ pericardium to the dia- 
pliragm : Init in none is the heart so l>road at the base, so flattened, 
or so extensively su])port(Ml by the diaphragm, as in Man. 

11. Heart of liunana , — In the prone trunk of (juadnipeds the 
]>ericardium adheres to the sternum, randy to tlie dla[>hragni ; in 
(‘rect bipeds the (‘Oiine(*tions are reversed : no Mammal has so 
large a proportion of the heart resting ii|>on the diaphragm as 
]Man, where the central aponeurosis is (Huicomitantly ox|>anded 
for the attmdimciit of the iiitei’vcning part of the {K'ricardium. 
Here the heart lies obliquely, not, as in most Mammals, parallel 
willi the mesial jilane : the apex, less aeiitc than in Ruminants, 
and loss olituse tliaii in aquatic Mammals, is din?cted downward, 
forward, and to the left, notching the anterior margin of the left 
Imig, and beating across the interval betweem the (\artilag('s of tlu^ 
fifth and sixtli left rilis. The apjiendix of the riglit auricle has 
one undivided ap(vx, extending over the origin of the aorta to that 
of the pulmonary aiTcry. The single precaval torminates at the 
np])cr jiart of tlie auricle on a plane anterior to that (yf tlie post- 
caval, which is at the lower part: from the anterior margin of 
this orifice is continued the valvular fold called Knstachian,’ 
whicJi is often reduced in substance to u filmy iictAvork, or may be 
wanting: between the postcaval orifice and that leading to the 
ventricle is the o])cniTig of the coronary vein, with its valve ; 
above the Eustachian valve is the depression, ^ fossa o\ alls,’ indi- 
cative of the closed oval intercoinmunicating vacuity in the 
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septum of the fetal auricles ; bounded above by the prominent 
crescentic border, or ‘ annulus ovalis.’ I'hc 0 ])ening into the 
ventricle is bordered by a sclerous oval ring, to which muscular 
fibres of both auricle and ventricle arc attached; the ring being 
thicker lor the latter. 

In the Human right ventricle the portion of the tricuspid valve 
nearest the orifice of the pulmonary artery is the largest, and is 
divided by deeper notches from the two smaller portions than 
these are from each other: the crliordjB tcndincas from each 
columna carnca are inserted, generally into the contiguous borders 
of two portions of the valve: the muscular prominences of the 
inner surface of the ventricle have cither their inner or central 
surfaces free, or are free in the circumference of their midille part 
but attached at both ends, like beams (trabi'ciibc), or they ]>rojcct 
freely in a coni<“al form, as ‘cohiinine inainniillares : ’ they are 
least dcvelo)»cd in the conical prolongation of tlic cavity, (infundi- 
bulum, conus arteriosus), from the apex of which the pulmonary 
artery arises. The arterial orifice of the ventricle is formed by 



rlj/ht \c'iHru;li\ ( i.x.xwi i" .Sij/inniil vtilvp'*. i-iiflit vontricb*. <’i.\\\x'i i”. 


sclerous tissue, Avhieli a dissector may defiiK^ as a rinir, fiff. 4()o, 
disposed in three crescentic (^rirvcs,* with the convexities, a, a, 
toward tlui ventricle, and the blended horns, d, b, projecting 
toward tlie artci’v : the ring is represented as cut through at oue 
of these jiolnts of eonfliiciice, e, c, in order to its being spread out, 
IMuseiilar fibres of the right ventricle, /, f\ arc attai^hcd to tlio 
convexities of the ring; the fibrous coat of the ai’tery is attached 
to the outer margin, the sigmoid valves, fig. 406, «, to the 

inner margin, of the uiipcr or arterial suriU(‘c of the concavities 
Avbieh owe their oefinltion to the junction of tlie endocardium to 
such \al vu!ar att iudmients. l.he right ventricle continues to show, 
in j\Ian as in other Mammals, the same relation, as an append- 
age to tlui I cn, which is; illustrated the section of the Brnfs 
heart, voh ii., fig. 92, forming, as so seen, a concave parabolic 
section of a cone, apjdicd to the more perfect cone of the left 
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ventricle ; but tlie walls are relatively thicker to those of the 
left ventricle than in Birds. 

The left auricle, figs, 408 and 409, la, lies to the left and 
back part of the base of the heart, is transversely oblong and 
siilxjuadrate behind; its auricular a])])endage comes forward into 
view curving to the right, upon the base of the pulmonary artery. 
The walls of the ‘ sinus venosus ’ are thicker than tliose in the 
right auricle: the terminal orifices of the ])nlmonary veins, 
usually one on each side, sometimes two on the right and one on 
flic left, are undefended by va4v<is : on the sej)tum, the ftelal 
foramen is feehly indicated by a crescentic ilepression. The 
opening into the left ventricle is smaller than the right auriculo- 
ventricular one : it is defended by the pair of triantrular folds of 
endocardium, calhid the ‘ bi- 
cuspid ’ or ‘ initral’ valve. 

Of these the largest, lig. 

407, n, hangs l)etw%‘en the 
auricular and aortic orifices, 
and is in part reflected from 
the scloroiis ring of the lat- 
ter: a small fold commonly 
also projects at cacli angle 
of junction of the larger 
folds. The chief conical 
‘ coluiiinie ’ arc two in iiuiu- 
hcr, and larger tlian those 
of the right ventricle ; their 
a])ic(*s are shown at fig, 407, 

/>, />, each contributing tendinous cords to tlie portion of the mitral 
valve, a. '!fhc distribution of the chordie teiidineie, from each 
coliimu to contiguous borders of tlie two jairts of the mitral, ol)- 
vionsly illustrates the adaptation to bring tliose margins together 
in tlie contraction of the ventricle. The semilunar valves at the 
aortic? orifice, ib, </, are thicker than those of the pulmonary 
artery, the * Valsalval sinuses,' e, are deeper, and the ‘ corpora 
arantii ’ larger: the muscular walls of tlie left ventricle are about 
three times thicker than tliose of the right: some of the inner 
longitudinal fibres, ib. i, arc attached to that part of the aortic 
ling, not preoccupied by the larger mitral fold, a. '^fhe left 
ventricle is longer and narrower than the right and alone forms 
the ajiex: tlie two large mammillary cdlumns occupy the lower 
three-fourths of the cavity, rising in its axis : the fibres radiate 
Irom tlicir base and wind round the axis, being progressively 
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sent off, so that few reacli the apex of the eolumn : but the inould- 
ing of the ventricle about these is not the cause of the conical 
figure of the heart, since this obtains where no such niaininillary 
columns are ])rescnt. (Vol. i. figs. 334-340.) 

The heart is lined by a lueinbrane, ‘ endocardium,’ rather 
thicker and more opaque in the left than in the right cavities, 
especially in the auricle: thinnest on the muscular projections, 
both pe(*tinate and columnate. The chief layer consists of a close 
network of elastic fibres, lined by a stratum of j)olygona! epitluv 
lial scales, constituting the free surface; and attached by an 
areolar tissue to tlu; muscular coat. 44ils Is covered by the 
reiiceted serous layer of the heart-bag, called ‘ cctocardium.’ 

The disposition of tlie intervening muscular fdu’cs has been best 
illustrated in relation to the human heart. Tliose of the auricles 

form a superficial layer, 
fig. 408, common to both 
cavities, and also a deep 
layer, fig. 409, proper to 
ca<*h. 

The su pei’ficial layer 
^ in(‘ludi's the transverse 
band of fibres, fig. 40S, d, 
expanding as it passes to 
the right, liA, and left, L.\, 
an rides. The deeper fi bres 
appear at the parts not covered I)y the superficial ones. vSome, ii, 
arising from the ‘ annulus aortieus,’ K, iv, arch over the auricle, Ixi- 
neath J), contributing some filires to the septum, at s : other arched 
or ‘ looped’ fibr(‘S, F, curve over the auricles and are attached l>y 
bolh extremities to the anrieulo-ventricnlar rings av and aa: a 
third series, c, siirronml the auricular apjiendages, A A, and eneiri'Ic 
the terminations of thf‘ sn{)(*nor, cs, and inferior, ci, venie cava\ 
The winding or convolute disjiosition of these so-called ‘an- 
nular fibres’ is oxenqfiified in fig. 409. The superficial and 
deep-seated filjri^s arc;, liowever, continuous, at parts of tlieir 
course : those nnirl;ed K, fig. 4f)8, of the Ibrmer series, wind 
round tlie loft aiii’icle la, ami are continuous, with some inter- 
vening attachiiient to llie aortic root 7i, with the ascending band 
F : a posterior band is sliown at (i, fig. 409, passing over the left 
auricle la, and along the jiosterior border of the appendix A : 
some of the fibres, on readiing the anterior border, quit the 
l)aiid 0, to join the f!l)rcs d forming the ai)ex : other detacliments 
from the band y, encomp'ass the terminations of the pulmonary 
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veins, P, p. Like the muscular fibres of* tlic t()i)o;uo^ tliosc of the 
heart are not visibly (amiiectecl t()o;et]icr by areolar tissue ; su<‘h 
connective imjdiuin, in the degree in which it may exist, can only 
hi) inferred through the 

ward from (lie auricular 

I A * 1 • i jI Siii'i'rfh’i;'! anri.Mi!ar IUmvs. •■i \ xxvni". 

and arterial rings at the 

base, to become internal, ami so imdose, and, at the same time 
contrilmtc to form, tlui shorter, interposed loops; these, lik(‘- 
wise, having similar relations to the layers of li!>res which they 
riiccessivcdy inclose, 

left, an?l on the bai'k vFntnrul-.rni.rrs; font VIVAV. rr.xxxvn". 

part to the right, being partially iiitciTiipted at tiny interventri- 
cular grooves, of wliieh the anterior is sibown at r/. Those whieh 
cross the groove bridge over the coronary vessi>ls ; tliose w.hicli 
Penetrate it curve up>vard and contribute to the right layer of the 
►'^<^l)tuin, and so help to encompass the right ventricle. The super- 
VOL, iir. mm' 
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ficiul layer gains in thickness as it approaches the apex, «, where 
the course of tlic fihics to the inner siirfiice of the ventricles is 
well expressed by the ieriii " whorl ’ or ‘ vortex,’ fig. 411. 

Those from the fore-part of the heart, c,/, enter the apex 

])Osteriorly : those from the back 
part of the heart, ft, enter it an- 
teriorly, at a. The curved margin 
of the entering anterior fibres, c, 
is lel’t entire in successive sections 
of the apex of the left ventricle, 
until that of the right ventriitle is 
iva(‘hed, A\ hen a more complex ar- 
rangement ajjpears. IMost of the 
entering fasciculi form the inner- 
most layer of almost longitudinal 
fibres of the ventricular cavities ; 
others are continued into the 
trabecular and rinammillary pro- 
cesses. 

By refl(JOting the sujjerficial layer to it>s attachments or points 
of inflection at the ajjcx, (/, and at tlie base, ft, fig. 412, the 
second layer is cx[)osod; wliieh is partly foi-incd by fibres 

ascending from the interior 
of the riglit ventricle, Ca( C, 
emerging at the jjosterim* 
coronary tract, and 

receiving accessions from 
the aortic and aurienbu* 
rings. The fibres of this 
layer, take an ojjptjsite 
Course from those of the 
first, ft, c. A third layer 
re[)eats the general disposi- 
tion of the superficial one; 
but a larger proportion of 
tlic fibres serve a single 
ventricle, especially at the 
aj)cx, die. Many fibres 
of this layci* arc derived from, or arc continued into, the middle 
layer of the sc'ptiun, from which, as at fig. 413, ft, the layer has 
been cut, and rcflec^tc'd, at a *2, cue, exiiosing the distribution 
of the internal layers, abouf each ventricle exclusively, as at rt’ 
and /, fig. 413. 
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The interruption of siKili deep layers is frerpient, both by change 
uf’direction, as at 4 ; and by tlie decussation of fibres to form tlie 
oreat nuuniuillary columns, as shown in ihe section of such at CO, 
(ig. 413. The right layer 
of sej)tal fibres, thoiigli 
continuous mainly witli ^ ' 

vTntrieles may be lie][)(!d 

1 ^1 -|» /. 41 • Iinior Iriyor-? of lit;;i.rrflhr<*<. < \i,xxxviii". 

hv tlie diagram, lig. 414. 

Ihe course oi tiic supcrfieial fibres, round both a (‘utricles, is 
iridleated by the band, (4 *caaa, from the arterial rings over the 
fore part of the ventricles, ui 

jukI by the band (.’Aia;, (vver 
the ])ack part; both combine / 

to form the wliorl on<’ and 

a, and gam the intcnaor of \ 

tlic veiitrleles forming the / J| 

s(‘|)tiini, s, and tlie earnoie / i|^ 
colinnnai, oc : tlie deejier / 

layers surroniuliiig the. left / icr 

ventricle, nv, are indicated / 

at KK,' Cf(’AAaaC:, and I 

f I’OA. Tracc^l from within 

oiitNvanl, the fibres from the ||^ p 1 

K, combine with otliers con- 

tinned from tlie two great \ 

earncae (.•olumme, (a;, of tlie N. / 

V(? utricle, Lv, to form 
fl‘e inner serie.s, cuo, wliieli, 
tiiiniij^ round tin* aiiex 

1 *? , l<le;il typi' of aiT.-iJlVDHi nt of vFiil rifular iU»rt’s ; 

the ventricular cavity, n«m:.ui.fari. cxixvMU'e 

and l)oconie sup(vrficial : then swec^jiiiig sjnrally from 1(4 1 to right 
^ *^ide into two bauds : the longer one first encircles tlie left veii- 

ral ot tljo Ih'firt; Inivo attjiclimont.s to fixoil p/nits in juo-ls of tlioir course, 

^‘ni at dolinito bc;rini,iiijrs or endiii.^s: and variations of dj-scrlptioii maybe 
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tricle, as Cpc A ; then deseribcs *a second circle round both ventricles, 
Cpcaa. The band Cacc passing down from tlic aorta, aa, winds 
over the lower half of the right ventricle, uv, combines with the 
apical spirals, whence it can be traced obliquely round the left 
ventricle to terminate at the aortic circle near the anterior 
coronaiy trac^t. The septum ventriculorum consists of three 
strata, the h.dt and middle belonging to the left ventricle, the 
riirht layer exclusive! v to tlie ritrht. 

The contraction of the heart-fibres is called ^ systole,’ their re- 
laxation ‘ diastole/ Tlie parts of the muscular walls of the heart 
have different degrees of motion : the inner wall or ‘ septum ’ loses 
length and breadth, but gains in thickness, during the systole : the 
outer Avail changes those dimensions in a greater degree, Avith 
changing relative position to the heart's centre: hence. ^t has been 
termed the ^ inovahle ’ wall, and the sejffuin the ^ fixed ’ one. The 
mammillary jirocov^sc’s become shorter and thicker cones, and in 
the degree i»i which the blood in the ventricles is com{)ressed 
during ‘systole,’ the valves arc held by tlve tendinous cords 
attached to their free borders and expanding upon their ventri- 
cular surface more firmly against eversion, Avith reflux of blood, 
into the auricles. The position of the semilunar valves, on the 
contrary, invites the floAv of the blood into the arteries, and forbids 
return. The ‘trabeculae’ passing from the ‘ fixed’ to the ‘ mov- 
able’ walls have an analogoirs function as adding to the resistance 
of the latter against internal pressure, Avheiicc they have hcoii 
termed ‘ moderator hands.’ ^ 

§348. Arterivs of Mammalia . — The aamIIs of the arterial tiihe 
are so strong as to maintain that fonn Avhen cut across; and so 
elastic as, then, to retract some way within the areolar or con- 
nective tissue, Avhich surrounds the vessel like a sheath. On the 
inner surface of the tube amyline formifies^ as elliptical or irre- 
gularly jxdygonal scales, more or loss of Avbicli sliow a further 
stage of condensation, expressed by the term nucleate ciiitbelial 
cell/ fig. 424. The tissu(; so lined consists of a thin continuous 

proffi rt!';l ind* lluitcly tlu* ol>S!''m.TS firliilninly t smell ;ittnelirnoTits undn* ilifJ 
naims ot ‘onjr-.nV jvnU ‘ in'^^ertinn:*.' Tin* i:en#Tnl eonformit.y of muscular arraiifrement 
in the heart of Iht .>htM-j» is shown in ri.wxix", with that, previously acuumstrati^l i’* 
the human lieait, hy ♦}!<• author of ci.xxxvii" anil ci.xxxA’'m"; e.spc<nally in rcgiO'd 1‘) 
the continuity of certain rxtcrjial vith internal tihres. 

‘ <'j,xxx v". n. 12H. 

^ I use this term as ilie eorrclafive of ‘ ci^stallises/ signifying thereby the tonden- V 
in dis.riolved proteinoj amyllru*, or otlii-r alhuruinold atoms to assume delinod size aiid 
shape, under given conditions, both in aii<l out of the living body; Jbiiney has shown 
how such lomlency or property elh-ets tin- Mipctiri<luelion of organic fonn upon crystal 'n 
the formation of shell (ccix"); ;in<i iu elh ets are demonstrated more at large in ccx • 
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sheet of pellucid inembraTic, to which are adherent fine reticulate 
fibres, mostly aifccting a longitudinal direction. It is also fre- 
quently perforated with small holes, fig. 415, cf, a, from which 
circumstance it is called ‘ fenestrate.’ Tills liomogeneous mem- 
brane has the property of rolling itself up in tlie form of a scroll, 
somewhat like the elastic laminie of the cornea. It is strengthened 
in many parts by longitudinal anastomos- 
ing fibres of elastic tissue; and together 
with the epithelial deposit forms the ‘ inner 
coat’ of the artery. The ‘middle coat’ 
consists of a fibrous tissue, circularly dis- 
, in layers moi’c numerous as may 
be the size of the artery and thickness of 
the coat, fenestrate tissue intervening; of 
a reddish-yellow, (dearer when fresh than 
ytdlow elastic tissue: it consists of bundles 
of slender fusiform filaments, coinmonlv 
uutdeate, with fine elastic fibres traversing 
them in a reticulate manner. Acetic aedd 
dissolves the chief substance of the fila- 
nufiit, and demonstrates the long stafl-shapod nucleus, fig. 41G, «, 
and the ‘ cell->vall.’ Tliis ‘ rnustuilar tissue’ predominates in the 
smaller arteries ; of whkdi, Avhcii treated by soluble reagents, 
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Kt‘U<'s5tr;ite mejnbranc. 
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Tiiicloato flinnioutii, nr ‘ initticiilar 
llVirf-rcJIy.’ I. iNarural. 2. Trniteil witii 
sireilc acUl. ccviii". 
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8ni:ilJ artery with appended corpuscle, 
from the spleen of n Fig ; treated with 
soda, and msiirn. 2^0 diiini. co\ iii". 


tl><! coats prcKeut the ajipcarancc shown in the portion of a splenic 
iirtenole, fig. 417, where c is the outer coat with the slieath 
ot areolar tissue, e the elastic inner coat, and d the dissolved middle 



ANATOMY OF VERTEBRATES. 



or muscular coat, llie external coat consists of an inner stratum 
of elastic fibres, and an outer one of the same, blended with a 
large ])roj)ortion of closely-fitted bundles of white fibres, identical 
with those of the areolar tissue of the arterial sheath, liy virtue 
of the abovc-desej il)ed structures arteries possess not only elasti- 
city, but ail allied ])ower of slow and long-enduring contraction, 
excitable by stimulus of touch, cold, and electricity during life ; 
and lost after death. 

In the Mammalian elass the aorta, fig. 41S, a, bends over the 
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Coiitrril oikMiis of (.iroiii.-irinn in M'im, t’Ci.xvir, 


left, not over the right bronchial 
tube. The chief primary branches 
of the arch are given olf, not im- 
mediately after, hut at a little dis- 
tance from, its origin ; and there is 
less constancy in the order of their 
origin than in birds : the jdirenic 
arteries, the c(eliac axis, and the 
superior mesenteric artery are 
branches of the alxlominal aorta, 
wliich terminates, save in 
Idta^ by dividing l>eyond the kid- 
jicys into the iliac arteries, fj*om 
which usually s[>ring hotli the 
femoral, r/, and ischiadic branches: 
the ('aiidal (»r sacromeilian artery, 
Avhi<*h, in MtUilaia and long-tailed 
qnadru|>eds, assnmes tlio character 
of the continued trunk of the aorta, 
neverdistributes arteries to the kid- 
neys, rarely to tlio legs, as it does in 
birds. Afterthearteries tothe heart 
('• coronaries’) the aortic arch sends 
off those to the head (‘ carotids’) 
and to the pectoral limbs bra- 
chials’). I use, with Barclay, the 


latter term in preference to those by which Anthroj)()toiny 


designates for siugical purposes parts of tlie same artery, as 
whei;c it ])jisses beneath a fdavicle (as ^subclavian’), or sinks 
into tlie ann-])it (as ‘axillary’) before reaching tlie arm. The 
prinoij)aI varieties in tlie origins of tlie large primary branches 
of tlie aorti(i arch, characteristic of Mammalian genera or fami- 
lies, are given in the onicr of their complexity in fig, 411), 

In Tapirine, Kquine, Bovine, and most ruminant Ungulates, 
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the aorta sends oif a large common trunk, A, b (the ^ ante- 
rior aorta’ of Veterinarians), Avliich divides into two braeliio- 
carotids, each subdividing after a longer or sliortcr course into 
the brachial d or rf', and the carotid c or d of its respective 
side : the vertebral artery, t;, is given off by the brachial. The 
arch of the aorta, diininishcd after dismissing h, is the ‘ posterior 
aorta ’of Hippotomy ; and, indeed, in this variety the trunk of 
the arterial system aj)])ears to bifurcate sliovtly after its origin. 
In the Rhinoceros the ^anterior aorta’ sends off the two internal 
thoracics, the two braehials, and a common trunk subdividing into 
the two carotids.* In Aachenuiy fig. 419, n, the left brachial, d', 


419 



Origins of ;irlcrifs from riortlc arch lii MaminaU. 

A, Ox. II, Lama, r, Giraffe, u, LIou. e, otter, v. Gibbon, (i, lU-du'cliot?. ii, Man. i. Lugong. 

comes off close to, but distinct from, the innominate trunk, b ; 
which, after dismissing the right brachial, d, sends onward a long 
common bi-carotid trunk, diuiding into c, c\ A similar arrange- 
ment obtains in the Giraffe/'^ ib. c ; but the l)i-carotid is still 
longer before its division, and tlic left internal thoracic, v', has a 
distinct origin from the aorta, beyond that of the left brachial, d\ 
In Suidee a longisli innominata gives off the right brachial and 
both carotkks, almost at the same terminal point: the left ln*achial 
nscs close to the innominata. In the Elephant I found a short 
umominata giving off tlie right brachial and both carotids, the 

v". p. 17. * XGYiu", p. 229. 
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left brachial having a distinct origiTi, but more remote than in the 
Hog and Giraftc.' A like condition prevails in the order Carnivora^ 
Ib. T). In the Otter a longer Interval divides the origin of the 
left brachlab fi’t>in tlie innominata, h\ which, after sending off 
the left carotid, is continued as a bracliio-carotid trunk a short 
way ])efore dividing into tlie right carotid, c, and right brachial, (L^ 
In tlie Quadntmaua^ from the Aye-aye up to and ineluding 
lli/lohafea’^ and PUhveus^^ the innominata, ib. F, i, gives ott*, first 
the right brachial, iU and then a short l>i-earotid trunk. In the 
lledgeliogs, xMoles, and ]>ats, there are usually two symmetrical 
hrachiu-cephalies, A, //. Cuvier ascribes a like condition to 
Delphitnis^ but in Phocana the otter-tyjie, K, is repeated, only 
with relatively smaller brachials and larger carotiils. Ilyper- 
oddun and Whales, the Seals, Beavers, Rats and most claviculatc 
Rodents, the Ornithorhynchns and Clihnpanzees ]>artakc, w^ith 
Man, of the mode of origin shown in ir: the intiominata h being 
the common trunk of the right carotid c and brachial (L The 
same jiattern obtains essentially in Sirenia, l:>nt with w ider intervals 
bctw'cen A, and ri', and with a distinct origin of the lei’t internal 
thoracic artery, ?/. 

Those varieties, ])retty constant in the groujis they characterise, 
are to be distinguished from the anomalies which are exceptional 
in species. Both, and esjiecially the latter, arc explicable by 
reference to modiiied or arrested stages of development; and an 
embryonal phase, exemplified in fig. 420, afiiirds a ground-plan 
on Avliich most Mammalian arrangements of the aortic arcdi and 
branches can be laid dowui,or from which they can be j)icked ont- 

In the rare inammaliaM anomaly of a double aorta bending, one 
over tlie right% the other over the left lironcliiis, before uniting to 
form the descending trunk, the second of tlic three pairs of similar 
vessels by which the lilood passes from the heart to the dorsal 
vessel in tlie* embryo is retained, and such |)ersistent aortas answer 
to the V(*ssels a, a', d, fig. 420 (in Saiirians). When a single aorta 
is found bending ov(m’ the right bronchus, the primitive vascular 
arch v' is retained, and a i> is obIitei’a?t(?d, as in Birds : this arrangc- 
inent is a rare anomaly, tlic rule in mammals being to retain the 
left of the mid-pair of primitive vascular arches. A, i), with com- 
plete obliteration of the' right arch a'.*^ In the variety A, fig, 419, 

* cxev. p. ri. (.'iiv’u r st L-Tii.s to luive touiultlui ;is wfll as loft bracliiul I’ising 
sopjirntrly, juul b<^!-.v; cu tlii in IIk- car«jtiils by a common trunk, xii. tom. vj. p. 112. 

“ L'xcv, p. Itb ® Ib. p. I if. * c.xcii". p. 0. 

® I liiive falbrd to fiin.l In uny f?nibrvo of bi'rrl or mammal more tlnin tlirco pairs of 
primitive! vascular fonvoyin;^ 1)j« blood, in that form, from thu heart to the 

dorsal aorla. In llio ox(-epti«njal Tiiiiibrlty of V'ertebrutes, iu which branchiae arc dove- 
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cliarjicteristic of the Horse and Ox, the common trunk of the fore- 
most pair of vascular arches, lig. 420, </, is retained and lengthened, 
tlie anthes being modified into Imachials, fig. 419, d d', and caro- 
tids, c c\ and the communications with the succeeding arches obli- 
t(*ratcd: in most of the otlier varieties the communication of the 
left of the second j)air with that of the 
first pair of primitive arches, as at lig. 

420, D, ])erslsts and becomes the dis- 
tinct origin of the left bracliial, the 
intermediate part of the first left arch 
being obliterated as far as the artery 
to the head, or the trunk transmitting 
siieli. lint this way of explanation 
has its limits. Most of the varie^fies 
in fig. 419 bear relation to the brcadtli 
of the chest, with which tlnit of the 
heart and aortic arch, in a measure, 

(‘oincides. 'riiiis^ in the nonclavi- 
oulato narrow-chested Ungulates the 
\arieties A, n, 0, arc met with, that 
of A prevailing: in iion-clavienlate, 
hut broader-chested Unguiculat(*s, with flexile and rotatory fore 
linil)s, the separate origin of the left Inaehial is more constant and 
remote from the iniiomiriata: the same Is heller marked in the 
Ijroader-ehested Swimmers {Lfftra, J^hocana^ k), and in the ela- 
vicnhite Qiutdnirnanay F : in many Insectlvora o, an analogous 
hut other arrangement prevails. In tlie broad-chested species 
illustrating the variety H, the head a?id pectoral limbs are sup- 
plied by three primary truuks : iii the still broader and flatter- 
chested Sirenm^ i, the lieart itself is able to expand laterally, 
even to a partial severance of the ventricles, the aortic arch shows 
its widest span, the intervals between the innominata, A, tlie left 
carotid, c', and the left brachial, d'^ are longer, and the left internal 
Ihoraeic artery has likewise an independent origin. 

I have not met with an instance of a double aorta, or of a single 
one arching over the right bronehus, or of tlie origin of the rigid 
hra.'^iial from the termination of the arcli, in any mammal below 
^Maii :^but such rare anomalies may, perhaps, be found when as 
many ydividuals of the brute have been anatomised as those of 
the Jii^nan kind. 

troin the primitive arelios, four or more of these may exi^t. l>ut tlie notion of 
llie^uiman embryo liaviiip: and gill-slits tickles the faney; and so the term 

> |»ranehial’ may Jong continue to he misapplied to the lucimil vascular arches and 
blasteiTial folds of the fcetal inaininal, bird and reptile. 
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Proceeding with the maminaHan modifications of other parts of 
the arterial system, I find that in all Lyencephala the carotids 
are relatively smaller than in tlie better-lmiiued groups: and that 
the vertebral arteries give the main supply of arterial blood to the 
brain. In the Monotreincs the brachial artery emerges from the 
thorax above the first rib, and passes between it and tlic coracoid : 
the trunk is speedily reduced by the number of small branches 
given oif, and, with some of these, perforates the distal end of the 



huinorus nearly midway between the condyles. The phrenic, 
crcliae, an<l mesenteric arteries arc given off* from the abdominal 
aorta : tlie renal artery is short, wide, and single ; there is 
inferior mescnleih* artery, but the abdominal aorta, fig. 421, 
terminates by dividing into the two common iliac, il), cmd the 
caudal, ib. A, arteries. Ihc iliac trunks are unusually *|^hovt: 
they give oft* a ‘ circumflex,’ c, which soon is resolved into a plexus 
bending over the ilium to sup|)Iy the muscles on the back of Vhe 
pelvis: on the opposite side of the origin of the iliac is sent off 
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the marsupiiil artery, d, which is similarly resolved : most of the 
branches ’coursing to the back part of the marsupial l)oiies and 
bending upAvard or forward upon the abdominal muscles attaclicd 
thereto, in a coui’se analogous to that of the so-called ‘ epigastric ’ 
artery in Man. The iliiu*. trunk, A, is then continued a short way, 
and resolves itself into the short trunks of thi’ce plexuses: the 
outermost, c, take a course obliquely to the outer side of the 
thigh, an.alogous to that of the ‘ external circumflex ’ branch of 
th(^ femoral in Man, the midille division representing the femoral 
trunk has a course of three lines before its resolution into the 
‘ femoral plexus,’ f, which continues the usual course to the ham : 
the third short trunk, representing the ‘ internal iliac,’ //, resolves 
itself into a {dexus distributed to the parts sup])lieil, in Man, by 
the sciatic, gluteal, and i>udic ai’teries ; but otic branch is con- 
tinued superflcially down the back part of the hind leg, i, to the 
tarsal lione su|)porting, in the male, the spur : it accompanies the 
duct of the spur-gland in the lower half of its course. The ar- 
terial system in Eekidna is similarly characterised by the subdi- 
vided plexiform disposition of many of the arteries. The caudal 
artery, ib. h, pursues a wavy course beneath the broad caudal 
vertebra, in Or/u'tliorhi/nclats. In Sfar-siipiulM, after the I'oro- 
nary arteries, the primary branches from the arch of the .aorta rise 
in some species by three, in others by two trunks. The broad- 
chested Marsupials, the Koala and \yond)at, for instance, are 
those in which the left carotid, //’, fig. 402, and .subcl.avian. A/, 
:uise separately from the arch; the arteria innominata dividing 
into the right subclavian and 'carotid, ib. A, iis in Man. In 
most Marsupials the innominata gives off both carotids, y, < 7 , fig. 
401, as well as the right subchavian, A. The common c.arotid in 
the Kangaroo gives oil' the thyroid artery, and divides opposite 
the. transverse ])rocessof the atlas into the ecto- and ento-carotids. 
The latter describes a shaiq) curve at its origin, passes along 
the groove between the occipital condyle and the paroccipital to 
the basisphenoid whi<>h it i)ierccs. The vertebral arteries are 
given off by the sid)clavians, ajid pass to the skull, as tisual, 
.through the cervical vertebrarterial I'oramina. They unite be- 
iieitah the medulla oblonj^^ata to form tho basilar artery, Avbieh 
soM(l\olf at right angles to the cerebellum two branches as large 
as it divides opposite the anterior margin of the pons 

V"ar()®i, and the diverging branches are connected by two straight 
trjmi^'crse canals, before tlicy anastomose with the smaller ento- 
carotids to form the circle of Willis. The brachial artery divides 
<^JU’ly into ulnar and radial branches: in the Koala, Wombat, 
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Kangaroos, Poloroos, most Plmlangers {PliaL Cookii is an excep- 
tion), most Potaurlsts {Pet Sciitreus is an exception), tlie Opos- 
sums, Bandicoots, and Phascogales, the ulnar and larger division 
of the brachial perforates tJie internal condyle of the humerus; it 


‘{.' 1*2 



Branches of the ahtlomlnal aorta, Kangaroo. 


passes over that condyle, impressing it with a more or less dec/.' 
groove in the Dasyiiros and Thylacinc. 

In the abdomen, tlic primary branches of tlie aorta are sent off 
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111 the same order as in most. Mammalia, with the exeeption of 
the constant absence of an inhirior mesenteric artery, Tliia 
modification probably relates to tlic simplicity of the mesenteni; 
attachment of the intestines above described. A more marked 
repetition of an oviparous arterial character occurs in the mode 
of origin of the great arteries of the posterior extremities. In 
most Mammalia these are derived from a single trunk on each 
side — the common iliac artery; in IVirds from two jirimary 
brandies of the aorta, one corresponding with the external iliac 
and femoral, the other ivith the internal iliac and ischiadic arteries'. 
In the Kangaroo and vulpine Phalangcr the aoi’ta gives off, 
opposite the interspace of the two last lumbar vertebric, the iliac 
arteries, fig. 422,/; but these are afterwards resolved into the 
ordinary liranches of the external iliac of the ])laccntal Mammals, 
with the addition of tlu* ilio-lumbar artery. The truidv of the 
aorta, inuch diminished in size, mainlains its usual course for a 
very short distance, and then gives off the two internal ilhuts, ih. 
A, and is continued as the ^ arteria sacra media,’ /, to tlie tail. 
The transitional eharaeter of this part of the marsn[)ial sangui- 
ferous system between tlie <uiparons and placental types, is 
manifested in the large size of the. external iliaes as eomjiared 
Avith the internal iliaes, their greater share in the sii))])Iy of bloofl 
to the hinder extremities, and the brevity of the aortic trunk 
between their origins. In most IVirds the femorals or external 
iliaes (vol. ii. p. 190, fig. 98, 2a) are smaller than the ischiadic or 
internal iliac (ih. 2i\) arteries suhscfpieutly given off. At the 
upper jiart of the thigh the femoral artery divides, in the Kan- 
garoo, into two 0<pial hranchos; the one which corresjumds Avith 
the radial artery in the fore h\g, ///, fig- 419, principally supplies 
the foot; it |)asses along the back of the tilna, l)otAveen the gas- 
troeiiemius internus and tibialis posticus, and divides a little above 
the internal malleolus. The smaller division, ib. /, Avliiidi follows 
the (»rdinary course of the femoral along tlie popliteal space, is 
lost upon the inner and posterior part of the tarsus; the larger 
branch winds over the malleolus to the front of the tarsus, sends 
off the anterior tarsal artery, and is then continued along the 
inner and afterwards the under |)art of the metatarsal bone of the 
long and strong toe. 

lu fig. 422, a is the trunk of the cieliac artery ; h that of the 
superior and Inferior mesenteric arteries ; r is the adrenal artery 
of the left side; r/, d, tlie renal arteries ; c the spermatic artery, 
of which the left branch is shown continued to the left ovarium, 
9s which, Avith the uterus, r, vagina, .v, and bladder, is draAvu to 
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tlie right side ; the s[)erinatic arteries arise close together but sepa- 
rately in the male vulpine Phalangcr : k is the femoral artery ; / the 
oxternal, in the internal branch ; / is the caudal artery, which 
here corresjnvnds in size with the development and functional im- 
portance of the tail, and is very small in the tail-lesKS or nearly tail- 
less Marsupials, such as the Chau'opus, Koala, and Wombat. 

The pro])ortions in which the vertebral and entocarotid arteries 
supply the brain continues to characterise the Lissrmr/ilinfa^ and 
relates rather to the restricted develo])ment of the cerebrum than 
to any specnal [ji‘oncness to hybernation or torpidity. The artery, 
moreover, which, entering tlie basis cranii, rei)resents the ento- 
carotid, supplies parts usually served by the ectocarolid, in 
(tj/rcnrqihald. Thus, in the Hedgehog, a branch of the (‘arotid, 
after senditig off twigs to the o(*cip!tal muscles, [)cnctrates the 
petrosal bulla, and there di^ides: one branch, traversing the 
stapes, gives off tlm middle meningeal artery, and is continued 
forward by the orbitosplumoid fissure into the orbit: the otlier 
branch, truly re[)resenting the ent(M*arolid, passes into t]:e cranial 
cavity, and joins the ‘ circle of Willis,’ which is mainly formed by 
the vertebral arteries. Kvidence of this condition of cephalic 
arteries in other Ivsrrtivora and in /lodcntia is friven in fif**. 173, 
0 and E, as r(*gards the ])assage of the })etn>-rynipanle bi*anch 
throngb the arch of the sltipes. In the Marc tlic division of the 
earotiti wliieli sends off the entocarotid piiu’ces the ])etro-tym]»aj)ic 
bulla, as iii tlie Hedgehog; in the Ca|)y1)ani it groo\'(‘s the basi- 
spiicinfid. In the Hedgehog oarh carotid gives off, near its 
origin, tb*.*, ini’erior thyroid : in the Anteater, t.lu^ inferior thyroids 
have a common origin from the innominato trunk, in most 
llodents Avhieh have the entoeondyloid ]K‘i’foration of tlie hnmerns 
(vol. ii, pp. o82-o84) the braeliial or ulnar artery accompanies 
the mevlian nerve throngli that hole; in J\If/nmruphaf/a the nerve 
only so passes. In l>ats the bra(rhial bifurcates about the middle 
of the hinnerus: the dei'per-seated division supiilies the extensors 
of* the Ibre-arni. 

Tl.e most remarkalde m(Mlifi(*alion of flic }>rachial artery is 
tli^t wliieli was discovered by Carli.se,’ in the Sloths and Slo'v- 
;^iemutv and wbit^li is repeateii in flic Icmoral of the same ani- 
mals/:-; The divers inter] iri^tations, leading to eontroversy, on 
these p^Miliarities of the arterial system in cxv", cxvi", 

called special care and attemtion to the subjects afforded to me 
by thel^ondon Zoological Society, in resjiect to the arterial system. 

In the AI (Brai/t/pus tridarffjlus) the arch of the aorta, opposite 

* < p. 17. 
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the fifth pair of ribs, gives off a very short trunk, which divides 
into the right brachio-carotid and the left carotid ; the aorta then 
sends off the left bracliial artery whieli has a long course in the 
chest before it attains and bends over the first left rib. The 
braeliio-carotid lias a course of an inch before dividing. The 
carotids do not divide until they have ])assed the atlas, and the 
ectocarotid is larger than the cntocaroti(l : small plexuses are 
formed in the orbits and tcm]>oral fosste. The brachial, after 
bending over the first rib and traversing the axilla, suddenly 
sends off and seems to break uji into a fascitrulus of minute lougi- 
tudinal branches, which surround and eomajal the main-trunk. 
This, however, exists in the middle of tlie t>loxus, contracted at 
first, but g]*adually resuming its more normal dimension as the 
brachial artery, and tliat not by the re(*(.*ption of any of the pre- 
vious ramuscules. It begins to diminisli again at the elbow, and 
thence gradually contracts until it. forms the radial side of the 
palmar arch ami the chief origin of tlui two digital arteries that 
go, one to each intei’s[>ace between the middle and the two lateral 
lingers: the ulnar side of the palmar arch is tbrmed by a con- 
tinuation of ojie of the branches sent otf from the axillary, and 
the rest of that plexus is distril)utod progressively to the mnseles 
and other ja-irts of the limb, eight or ten oi‘ the l)ranclies qnitting 
the main trunk at the bend <»f the elbow to ]>erforate the inter- 
osseous space or to supply the deep-seated mnseles of the fore-arm. 

Thus, the arterial stream is |»ro|>el!ed directly by the main 
trunk to the digits; the force* being* broken by the sudden dis- 
])crsi()n of the current in the s.curc? of bram*hes sent off from 
nearly the same part of the cireumferenee of the axillary artery. 

The vertebral artery is sent off at the brim of the thorax on 
both sides. The jihrenio pierces tlic diaphragm with the aortic 
trunk, winds round the right of the asophageal aperture, and 
?^oou divides. The gastric arterv is as largo as the superior 
iues(interic. The venal artery gives otf the spormatur. The 
abdominal aorta l)ifureates opposite the last lumbar vertebnv. 
The h?rt ilia(;, in my subject, s(mt off, at its origin, the arteria 
sacra media and the two (*| agastric arteries : the former soon re- 
solves into a plexus. The right iliac also sends a few branches 
to the sacral plexus; but this is formed cliiefly l>y branches 
i^ent ofl* around the origin of the sacromedian trunk. The in- 
ternal iliac is re))rcsented by a plexus coming off by thi'ce or 
four quickly-dividing branches from the Cinnmon iliac before it 
passes over the brim of the |)elvis : at this })art, also, the femoral 
plexus begins to be given off by one or two branches Avliich sub- 
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divide; not, as in axilla, by many vamusciiles from one point. 
Other l)ranchcs are sei»t off from the commencemeiil of the femoral 
artery, uliich rapidly subdivide and eonceal the Avliole course of 
the femoral trunk as far as the Inim. Some branches from the 
internal iliac plexus pass over the brim of the pelvis and anastomose 
Avitli arteries of the femoral plexus ; but there is no re-enterinj;; 
of any of the members of the plexus into the main trunk. They 
are dislributed, successively (|iiittinej the plexus, to the femoral 
nuiftclos: a numerous fasciculus perforates the proximal part of 
tlie interosseous space, l)et\vecn the heads of the g*astrocnemius; 
tlic remaining branclu's accompany the main trunk down tlic 
l)aek of the leg, some as far as behind the inner malleolus, whence 
the main trunk passes to tlic scajdio-ealcaneal joint and divides 
into the two iligital arteries for the inters]aices of the tliree toes. 
The continuation of the trunk may he thus ex])lained The foot 
and liaiid being the first vsogments developed in their res|)ceti ve limh, 
the artery supplying them is first established; the sul)se([uenily 
formed segments are su|)))lied l)y bramdics senk.otf from this. 

In the ITiiau ( Jirudt/piiii dldaetfjlus) the aorta sends off the right 
brachial and both carotiils by a common trunk, half an inch long: 
the lett brachial liavS a course of more than an inch in tlic thorax. 
Each brachial sends off, after winding over the first rib, many 
arteries; the main trunk jierforaies tin* cntocondyloid hole of th(‘ 
humerus, as does likewise jiart of the Imiehial plexus, 'flic con- 
tinued trunk forms no palmar arch, but tenninatos by bifurcating 
at the interspace of the two digits. The abdominal aorta givis 
off the common iliacs ojiposite the last lumbar vertebrie ; and then 
sends off the last jiair of lumbar arteries and the ‘ sacra media; ’ 
tills distrilnitcs a jiair at each sacral verlebrtn until it is resolved 
into a pencil of arterioh'S at the fourth vertebra. The iliacs send 
off, first, the epigastrics ; then the internal iliac plexus; after 
which (lie external iliac trunk, bending over the brim of tlie 
pelvis, sends ofl* the arterioles of the jilexus, whieli eoneeals the 
continuation of the femoral trunk; this jdoxiis supplies the fein(»ral 
nuiscles, ami also a large jiroportiou to the interosseous space of 
the leg. T'he main trunk passes doAvii tlie liack of tlie leg, and 
divides at tlie middle of tlie solo into two branches for the inter- 
spj^,CCS of tin. thrive toes of the liind foot. 

A closely similar disp(»sitiou of tlic arteries, but with loss niune- 
roiis'hjtcnol^ obtains in the Anteaters^ and ^Vnnudillos^; and 
the analogy of this with the arterial system of the Monotremes is 
worthy of note. 
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to the provision of a reservoir of arterial blood, especially in 
behoof of the brain. 

In the Porpoise the aorta, after giving olF the two conmary 
arteries, forms the usual areh from the convexity of whieli are sent 
off three primary trunks : the first is the largest, and gives off, 
first, the ‘ posterior tliora(rie,’ then the right earotid, and after- 
wards divides into the right brachial and internal inainmary 
arr(‘rios. The second trunk sends off tlie left earotid, left hrachial, 
and internal niaininary ai*terics. The third j)riniary bramvh is the 
left j)osterl<n- thoracic artery.^ The common carotid sends off an 
inferior thyroid before dividing into external and internal carotids: 
the subordinate branches of both these vessels I'orm the plexuses in 
various parts of the head, especially at the ]>asis cranii and around 
the o))iic nerve. Hie [loslerior thoracic, on each side, bends down 
and gives off branches to tlic five anterior intercostal spaces : tli<j 
succeeding ones derive their arteries directly from the tlun-aeie 
aorta, and some of them by a short common trunk, which blfur- 
catCvS, The Intereostals send off tlic dorsal braneli, and that which 
accompanies the rib: hut tliey also, ami chiefly, divide into a vast 
number of branches, forming by tlioir close tortuous interlace- 
inent a thick suhstance, compared l>y Tyson to a gland, ^ and, more 
truly, by Hunter, to the plexiform mass of tlie s]>ermatic artery in 
the Imll.*^ This arterial structure lines the sides of the thorax 
from the ninth or tenth jialr of ribs, forwards, penetrating hetwocai 
the I'ibs near their joijits and behind tlie costal ligaments, and 
there anastomosing with coiTesjiondiiig productionsfrom contiguous 
intercostal spaces: branches pass therornan into the neural canal, 
surrounding the iiiyeloii with a similar jilexus, ineriiasing in thick- 
ness near tlie skull and about tlie maeiomyelon, and anastomosing 
freely with tile myelonal meningeal art(*ri(‘s. Tims the neural 
axis can receive its appropriate stimulus of oxygenated lilooil 
during the periods of long snimieision and consequent Iiiterruiition 
of respiration, to which the fV/arw. ar(» subject. Any convoluted 
intercostal artery, coutrilmting t(» this reservoir, can be unravelled 
and traced to a great lengtli, without sending off branches or 
ehanghig its calibre. In the Piked Whale {liiiltmopfcru), the 
external thoracics and Internal maniinaries combine with the inter- 
'Costals in supplying tliis huge and singular plexiform reservoir. 
^Tlje braclual trunk gives off an external thoracic to the pectoral 
m#(des, a subseapniar arteiy, one to the sujiraspinal fossa and a 
ci^umflex branch: these supply the muscles of the fin. The 
trunk then divides into two, each of which sulidivides, and forms 


* xciv. p. iioU; (18:37). .Sue also cxcvm". (1841), p. 
“ xciV. p. :)Go. a xcfv. ]>. .‘iGo. 
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plexuses upon the hiinici-iis, mainly expended in nourishing the 
honeS;, their ligaments, and the enveloping integument.* The caudal 
prolongation of the. aorta is surrounded by layers of jdoxiform arte- 
rioles, as by a sheath, in its course along the wide lueinal canal.*^ 
The littoral and herbivorous aV/V/'w/V/, which never go so deep or 
stay so long submerge<l as the Whales, seem not to possess the 
intercostal and myelonal arterial plexuses: at lea.st I found them 
not in the Dugong.'* 

Amongst the minor degrees of jilcxifonn inultI})lIeation of 
arterial (Canals i.s that olde.st recorded instauceA of the intracranial 
"rete mirabile ’ at the ba.se of the skull in lliimiiiants : it is large 
In grazers, is less in l>i*owscrs, and least in the Giraffe which 
halfitually fecals with the head raised. In Bocidcc^ where the 
‘ reie’ is most extensive, it is situated at the sides and l)aek of the 
s(‘lla tiireiea, in the sclenms venous reeeptaele called ^‘avernous 
sinns/ 'fhere is no dolinite bifurcation of tlie cephalic arterial 
trunk into an ceto- ami ento-cavotid, in Kiiminants: a small 
liranch of the carotid, ])erforating the cranium at, or behind, the 
jnranien ovule, repre.s(*iits the ‘ middle meningeal artery,’ and joins 
the ‘ rete mirabile’; but this is mainly formed, in advance, by 
lu'inicJies of the. internal maxillary, which enter tlie lissura laccra 
MUltMioi*, .'Subdivide and anastomose retieula.rly, and are continued 
huckward, on eacli side of the ‘sella,’ as a ‘ rete mirabile’: three 
or four ti ansverse ] tortious bring the main lateral ‘ ret ia’ into union 
with each oilier; \vhile, ))osteriorly, are sent off a median and 
two lateral icarrow plexiform extensions : the latter diverge to 
aiiastifinose with the ]u*econ(lyIoid arteries; then the middle |)or- 
lion i.s eontimie<l to join the converging cerebral branches of the 
vertebral arteries. 'riiese, in the Ox, enter the neural canal 
bctw(‘cn the. axis and third cervical, are united together by olifKiuo 
cross-branches, as they advance; each bifurcates in the neural 
eaiud of tlie atla.s, sending one hrauch out through the anterior 
perlbration of the n(mrapo[)hysis, while the other converges towards 
Its lidlow, to terminate by anastomosing with the median ]»ro- 
diu*tion of the ‘ rete ’ from the ‘ circle of Willis,’ and also with a 
division of ea(*h jirecondyloid artery. 

In the Hog iSns arntftt), a larger jirojiortion of the com- 
[»arativoIy small ‘ j’cte inirahile’ is formed by the vessel entering 
tlie craniinn through the jiostcrior ‘ lissura lacora,’ representitig 
:m ‘ entocarotid.’ A common efferent vessel, piercing the inner 

xciv. 3(JG (not<>). ® cxcviii''. 

^ <.xvu". !>. 35, irai'o (»t)sorvt*cl Uy .Stiinnhus in the Miiiuitfo dors not support 

lniii;tiun;il inforoiio**, uh in tlio truo wlialos, '* co''. 
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layer of the dura mater, carries the blood from the ^ relc ’ to the 
l)rain, siip])lyiiig jaincipally the ])rosciice])halon. Another in- 
stance of j)Icxiforin disposition in the iirterics of Artlodactyles 
lias been observed in tlic gastric branch ni* the cmliac axis of 
the Hog, prior to its ramification in the dorsal parictes of the 
stomacliJ 

The Perissodactvles have a recognisable entocarotid wliich, 
liowever, has no pro])er bony canal, but enters the cranium by 
the posterior fissura hicera: it forms strong bends as it con verges 
towards its fellow, with wliieh it is nnited, bebind the ^ sella,’ by 
an external ilexnons ‘ramus cominunicans ’ ; tlien, jnorcing tlic 
dura mater, the eiitoearotids arc again unittHl by the internal 
‘ramus comniuni(‘aris,’ which completes tlio circle of Willis be- 
liind and also receives the ‘ arteria basilaris.’ A rudiment of lln^ 

‘ rete inirabile’ of Artiodactylos is re])res(‘nted by small pl(‘\i- 
foriu vessels given off from the himler jnirt of ‘ \\'illis’s circle.’ 

Tlic entocarotid deeply grooves the ap(‘x of the petrosal in the 
Klejdiant. JJranches of the cctocarotid form a.rcmarkalile plexus 
internal to the cheek-gland whi<*h opens between the eye and oar 
in this animah 

In most Carnivora the entocarotid traverses a curved canal in 
the petrosal and makes a bend oji cnKU'ging, which protrudes at 
the foramen laccrnrn before entering the cranial cavity : the bend, 
so exposed externally, receives in (V/.//7Vte and ViverrhUr. ( Her- 
jivste.i) a branch of tlie cctocarotid ; and, as it advances alongside 
the ‘ sella,’ also anastomoses witli branches of the internal maxil- 
lary and oplitlialmic arteries. In Ursidat a smaller portion of 
the loop projects into the cartilage occujiying the ‘foramen laeo- 
rum.’ The entocarotid and Its bony canal are smallest in Felines 
and the Ilyama. In these a maxillary jilexiis is formed which 
su])plies the internal maxillary, ciliary, ethmoidal, ophthalmic, and 
anterior meningeal arteries. 

The condition of the mesenteric arteries in Man renders them, 
in a degree, reservoirs as well as conveyers of blood : it facilitates 
a more 'continuous or less interrupted su])ply to the intestinal 
membrane. The fewer anastomotic arches in the Carnivora 
favour a more rapid and direct sujiply of blood when the presence 
of chyme in the intestines gives stimnlns to such supply. The 
-human condition relates to the more regular and frequently re- 
supplies of food; to the more constant and continuous 
of chyme iijion the villous surface of the gut. In the 
and more especially in wild Carnivora^ tlie gorging of proy 

-.0' * cvi". p. GU, pi. 28, f\\r, 4. 
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is followed by fasting, by long intermission of the supply of 
olivtiie ; consequently the i)rovision for the arterial sujqdy is 
simplified, and at the same time adapted to the more rapid assimi- 
lation which the hungry or famished frame requires. 

M(»difieations of the arterial supply of the mammary glands, 
exem|)lified by large epigastric and subcutaneous abdominal 
branches, anastomosing witli the internal and thoracic-mammary 
arteries, accompany the ])ositiou and extension of the maminary 


(rlands from the thoracic to 
the inguinal regions in many 
quadrupeds. 

The ultimate capillaries of 
the arterial ramificati<ms 
either open directly into 
venous capillaries, or into 
sinuses, as in erectile and 
uterine structures, whence 
the venous capilljjries hegiii. 
In exceptional cases, as in 
the Ibit’s Aving, arteries of 
the second and third order cd’ 





El.ilhflium from voiia cava i)jf Sljoep. 


branches luivo licen observed to pass into veins of corresponding 
si/e, without the iutermediuin of capillaries.^ 


§ .‘149. Veifis o f Mo luma’- 
Ha , — The delicate structure- 
less coat of the capillaries 
ja'cscnt, as the v(*!nilos en- 
large, jin epithelial lining of 
flat, usually rhomhoid, nu- 
cleate scales, fig. 424. The 
middle tissue of the vein 
includes s])aring delicate un- 
striped fibres in an abundant 
hed of connective or areolar 
tissue, in which may be distin- 
guished an intcnuil stratum 
of wavy longitudinal fibres, 
fig. 42.5 a.^ a middle stratum 
of intermixed circular and 
longitudinal fibres of clastic 
f issue, imbedded in a nidus 


425 



LorijritmlliifU vertfeal uccrlon of wall of snbo.l<^,vlan vein 
<»f an Ox ; niaiyii. lW diam. ' 


of white or contractile Ulires, and these degenerating Ihib an 


' vxijvn". p. 0G8. 



550 


ANATOMY OK VEUTKUUATKS. 


Ollier mass of areolar tissue, in which such fibres as can be traced 
niii lengtlnvise, c. Tliis forms the greatest proportion of the 
venous coat, and the trausitio i to the mld-stratiiin, h, is closer 
than that between b and the thinnest layer, which is lined by 
the epithelial tissue. 

The elastic tissue is never so developed as to give the yelloAv 
colour which characterises the middle coat of arteries, or to main- 
tain the tubular form in the cmjity vein. The valves are not 
confined to the place of nnion of the venous trunks with the heart, 
as is the case with arteries, hut occur, usually in ])airs, fig. 426, in 

tlie major {»art of the venous 



system after the vessels have 
gained, in returning from the ca- 
]>illary area, a conspicuous size. 
I'hey ‘consist,’ as Harvey de- 
scribed, ‘ of raised or loose por- 
tions of the inner membrane of 
these vessels, of extreme deli- 
cacy, and a sigmoid or semilunar 
shape. 1’liey are situate at dif- 
ferent distances from one ai^- 
other, and divc*rsely in ditlerent 
individuals : they ai e connate at 
the si<les of the veins; they are 
directed u|vward or toward (he 
trunks of the veins; tluMwo — 
for there arc, for the most ]>art, 
two together — regard each otina-, 
nuiiually touch, and are .^^o ready 
to come into contact by tlicir 
edges, that if anything a,ttemi)l 
to pass IVom the trunks into tlie 
hranelies of the veiiiH, or from 
the greater veins into less, they 


cf)m])lotely |n*eveiit it ; they 
are furtlier so arranged, lliat the horns of those that sncci'cd 


are opi)osite the mi(ldle of the convexity of those that pre- 
cede, and so f)n alternately.’ He further writes, ‘ In many ])hiec.s 
two valves are so jdaced and fitted, that, when raised, they come 
exactly togeiher in the middle of the vein, aiul arc there uriiteo 
by the contact r>f their margins; and so aecurate is the adapta- 
tionV^Jifit neither by the (^ye, nor by any other means, can the 
slightest chink along the lifie of contact he pcrceivc<l. Ibit if 
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the probe be now introduced from the extreme towards the more 
central parts, the valves, like the floodgates of a river, give way, 
ainl arc most readily jmshed aside.’ ‘ 

The most conspicuous tissue in these valves is of the white 
fibrous kind, having a general direction parallel with the free 
border of the valve and remarkable for tlieir minute and equal 
undulations in this course. The epithelial lining is feebly indi- 
c.ntcd by scattered nuclei, es])ceially at the extreme margin of the 
valve. As a general rule the cerebral and myelonal veins, tbos<^ 
of the beart, lungs, kidneys, uterus, and liver, boih portal ami 
liepatic, have no valves: there are few valves in the external 
jugular; none in the internal jugular : valves abouud lu the veins 
of the jK'ctoral limb, imdiiding the axillary, but are not juesent in 
the ,sub(^lavian or preeavals. The jmstcaval and iliac veins have 
no valves, but they abouud in those of llie })elvic limb. The 
spermatic veins have valves, but not the ovarian \’cins ; they are 
few and inconiplcte where they have been found in the azygos 
veins. , 

Tli(‘ varieties in the disposition ot the veins exemplify, in mam- 
mals, a greater degree of laqietition of primary or embryonal steps 
than do those of the, arteries. The cardinal veins, whieJi ])crsist 
in great p>ro])ortion in Lizsirds, fig. 420, unite at with the 
braeliior-jugulars to form a short " preeaval ’ trunk on each side. 
That, of the lel’t receives the blood (ruin the coronary vein l)el‘ore 
terminating in the right auricle A. A smaller proportion of blood 
is returned by tlie persistent vcme cardinales, r, r, in mammals; 
lait with ibis exception, the disp<»sitiou of the great trunks return- 
ing the blood from (he iiead, trunk, and jiectoral limbs, is essen- 
tially such \\\ J.jienc(p]utla and most as is cxcm]>lified 

in Saiirians. Tlie blood from the left side of the trunk (intercostal 
or intervertebral spaces) is carried, in the ascending series of 
Mammals, liy progressively increasing anastomosing channels from 
the left into the right; cardinal vein : and, to such an extent in 
IMaii, that the right cardinal vein was noted for its want of sym- 
metry as the ‘ vena azygos,’ while the remnant of the left cardinal 
was called ^ licmi-azygos.’ With tliis change goes on an enlarge- 
ment of an anastomosing vein between the right and left preeavals 
at tlie upper .and fore part of the chest, ultim.ately diverting the 
lilood from the left i)recaval into the right, as the blood of the left 
cardinal had been attracted to the right cardinal vein, '^rhis is 
neeompanied by obritevation of the left iirocjival trunk, of wliich a 


cx'W*. 
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remnant, rocognirsablc by tlic clevclnpinental anatomist, becomes 
tlie ‘ coronary sinus ’ of Antliropotomy, or tlie dilated ]K)rtion (d* 
the heart-vein, with well-marked fibrous tunic, receivino- tlie 
* oblique auricular v(*iu ’ rcpresentiui^ the left Sluctus Cuvieri,’ 
and terminaliiig by the wide valvular opening in the right 
auricle,* 

In tlie ]\Ionotreines each precaval, fig. 308, c, /, receives the 
azygos vein of* its respective side : they are united by tlie eba- 
raetoristieally mammalian transverse canal, //, which becomes the 
‘vena innominata ’ in ^lan. Tlie post(‘aval lias a long course in 
the thorax; before entering which it is gicatly dilated, within 
the liver, in the Ornithorhynehus, as it is in the placental divers. 
The vena porla^ is eonstituted as In other Alammalia. The veins ol' 
the kidney are eontiniuHl from the renal artery, and commnnicatc 
solely with the jiosteaval. In the Marsnjiials, also, the. iliac veins 
combine to form the postcaval trunk, as in the rest of thcMamnialia, 
without conveying any jiart of their lilood to the kidneys: in the 
Kangaroo tliey botli pass on the central aspect of the iliac arteries. 
The renal venns, in like manner, directly communicate with tlie jib- 
dominal cava, and do not eontrilnite any share in the formation of 
the jiortal \*eln. This great secerning trunk of the hepatic organ 
presents tlie strictly mammalian condition, being formed by the 
reunion of the gastric, intestinal, pancreatic, and spleiiii*. veins. 

^ The jiriinitive veins of the animal system of organs, commonly 
called "‘azygos,’" retain their original sejiaralion an<l symmetry; 
the loft ‘‘azygos” bemls over the loft broncdiiLs to comiiuiifwate 
with the left |>rccaval, and th<i riglit azygos over tin. right bron(*hns 
to join the right ])r(;caval.’ ^ This vein, h, returns tlie lilooil from 
file right side of the head and tlie riglit anterior extremity ; the 
eorres|K)nding vein on tlie left side, r, pass(*s down in all the 
Alarsnpials, in front of the root of the left lung, as in Ilirds and 
Ivc^ptiles, behind the left anriele, and, after receiving the coronaiy 
vein, joins the ])ost<‘ava!, d, immediately before its expansion into 
tlu^ auricle. The anterior anastomosing vein lietweeu tlm two 
preeavals exists. 

Where the pelvic extreniilies are less or not larger than the 
pectoral ones, as in tlie Ursine Dasynre and Wombat, the jiost- 
caval is somowliat less than the left prceaval, figs. 402 and 
and they apj'ear to terminate by siqmratc apertures in the auri(4e ; 
but in the -Kangai*(;(>, llg, 401, the proportions of the Iavo veins are 
reversed, and the ])oHteaYal more obviously rocinves the left pre- 
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tliesc reservoirs of l)loo(l at the depths to which they retreat w’^hen 
harpooned, explain the profuse and letlial liaiinorrhage which 
follows a wound tliat, in other Mammalia, Avoiild not he fatal. 

hi the Unji^ulates a left azygos eo-exists Avith a single (right) 
jirecaval. In the Hog the azygos triink [lasses forward, left of the 
aorta, crossing that vessel below the arch and curving over the 
Icf't auricle, and enters the right. Hunter notices its attachinoTit 
to the left auricle and Its analogy, in both the Hog and Fallow- 
deer, to the left preeaval in llirds.^ In tlie C-orinne Antelope 
Ay?Y7/.v) Hunter observed ‘ two azygos veins, the left being the 
larger' a right azygos exists in the Ox, and is larger In tlie 1 1 orsc, 
receiving blo(»d from several of the loft intercostal sjiaces. The 
obliqiui vein at the back of the loft auricle is large in tlie Drome- 
dary and Tapir, and rr.prcsonts the remnant of a loft azygos. The 
portal vein shows valves in some Ruminants. In the Rhinoceros 
the right jirccaval receives the right or common azygos close to 
iis termination at tlic upper part of the right auriidc : two iuclies 
al>(>vc tliis it receives tlie right vertebral vein A\diicli is about lialf 
an inch in diameter ; two inches aboAe this it is formed In* the 
jimetion oi‘ the left hracliioceplialie. At the concaYlty of the groat 
vein formod by tins junction, llu* hiamcliial veins and some small 
pcri(‘ardlal veins enter. The upper ))art of the iirccaval receives 
tlu‘ two large jugular veins close togethci*, so that a pr()|>er ‘ vena 
immmiiiata’ can scai'ccly 1)0 said to he formed. The left vena 
azygos, A\hich is formed by the union of a few intercost:d veins 
uf the same side, terminates in the left subclavian vein, whicli re- 
ceives separately tlui left vertebral vein from the lU'ck, 1'bo 
J'ight or principal azygos receives the intercostal veins of both 
sith's as far forwards as its entry into the jvreeaval vein : the 
Rhinoceros in this structure agrees Avith the Horse. The coro- 
nary vein rc'ceives a small perh^ardial vein, Avhich descends along 
the l)aelv of the left auriele, before it terminates Avith the inferior 
eava, at the base of the rigid auricle. 

With the relatively long and narrow thorax of the hoofed and 
most other Mammals the ])re- and ])ost:-caval trunks are corr(\sj)ond- 
ingly longer than in Man ; the length of the thoracic part of the 
|)f)st-(aival being as is the distance of the right auricle from the dia- 
phragm, and also from the dorsal region : the base of the heart 
being further from the back as well as from the midriff than in 
Man. 

In Carnicord^ Quadrumana^ and Bimana the blood from the 


I'f’xxxvi. vol. ii. I'l'. 121, 110. 
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head and pectoral liinl)s, and intercostal spaces is poured by a 
single precaval into the aui'icle. The lower intercostal veins of 
the left side nnito to form a heini-azygos which joins the right or 
main azygos vein. The plexiform disposition of the veiiLs con- 
tinues in tliose surroumHng the myelon up to and including Man. 
The dipl(vic plexuses are the networks of veins which exist in and 
among the cancellated tissue of the hones. In those of the cranium 
tlicy form large irregular meshes of ampnllatod veins. These ves- 
sels arc very une([ual in size, arc subject to dilataticms, and 

iVecpiently end in enls-dc-snr. 
In the looser texture of the 
vertebral centrums a vertical 
section, as in fig. 428, ex- 
poses the anterior, a, and 
postcii’ior, portions of the 
myelonal plexus ; the trans- 
verse channel of anastomosis, 
c, with the ‘sinus contri,’ ^/, 
which biiurcates to unlt(j 
witli the ‘ vena snpeiTicialis 
ccntri,’c. Many veins within 
tlie cranium arc included in 
s))aees formed by tlic separa- 
tion of the lainitue of tli(^ 
dura mater, and do not admit, 
of being dilated beyond a 
certain size: these ^sin uses’ 
emj)ty themselves, in Marsu- 
])inls andKuminants andsoino 
other f[uadnipeds, into tem- 
poral veins, as well as into 
Myoloiiil a.Mil dij lnif vcii'ui.^ iii.-xjiJ tfinii*! : llutnan tllC intcmal ill*** iilars ; but iii 

II.. J n ' 

lii'itliHr vcrU'liru. , i 

tarnimfra, i^undrumaua, anu 
Man, almost wliolly into the internal jugular vein. 

In all Mammals may be found thc^superi^)r longitudinal sinus,’ 
fig. 429, .s‘, uniting at the ‘toreular llerophili’ with the lateral 
sinuses, e. Ihvshhjs these arc the smaller ‘ ]')etrosal sinuses,’ 
superior and inferior, and the ^ cavernous sinuses ’ which are re- 
servoirs of venous Mood on each side of the sella turcica, crosse<l 
by interlacing sch-rou.s fibres. The cavernous sinuses communi- 
cate with each other hy the ‘ circular sinus,’ and also with the 
petrosal ones by the ‘ transverse sinus,’ All the sinuses arc 
devoid of valves, and, by tlicir freedom of iiitercommuuication, 
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and liiinlrancc to (lilatation, prev 
premising u[)OU tlie brain. 

§ ,H50. Spleen o f MammnUa,'— 
the bloodvessels,, fioine eliange 
their tubular for a lacunar or 
cellular form in certain parts, 
where the blood undergoes, or 
receives elements of, chaiigc; 
such ]>art.s, resembling ‘ glands,’ 
are so called, with tli(‘ (jualifylng 
ejathiiis of ‘ vascular’ or ‘ duct* 
less.’ Of these ‘ vasogangHons’ 
die chief is the si)le(m. 

In iMammals tliis oi'gan is 
n*latively larger than in lower 
Vertebrates: it is mainly ap- 
pended to tlie artery that sii))- 
jdles die ])ancrcas, with the left 
eml of which gland it Is in 
cl(»s(^ eoiinoction, and eonsc- 
(jiumtly lies to the left or be- 
hind the stomach, to whicli it is 
attached by tlie fold of jierito- 
iienm noted at ]). 500. This 


ent any local congestion of idood 

-As Avitli the absoj’licnts, so with 
420 




M.'nou-4 pfinisos «.f dura inatcT, fruui hi liiiid, Iliiuiat 


itiemhrane covers tlie whole spleen, except t 
two folds support the sjilenic vessels and form the 


‘ gastro-splenlc’ ligament. The serous tunic is less 
intimately adlierent to the filirous or proper eaiisnle 
in most lower jMjiminals (Kuminants, e.g.) than in 
Man ; where the separation only takes place at tln^ 
hiliis. The ])ropcr coat consists mainly, and in Man 
wholly, of white and yelloiv fibres, the former a r- 
I’aiiged in bands, the latter in an irregular network. 
M'ith these are blended, in some lower iMammahs 
(Dog, l>ig, e.g.), fihimeiitary fusiform b<)dies with 
a miclcns, fig. 430, called ‘ fibre-cells of iin- 
striped muscle’ in CCViii". Tlie fibrous tunic is 
reflected into the interior at the bilus, in tlie. form 
of sheaths accompanying the vessels, most comj)lote 
the human spleen : from the exterior of ivliiidi 
^lieaths, and more abundantly from the inner sur- 
lace oi‘ the jiropor capsule, arc sent oil* white clastic 
‘ trabceiilar’ bands, which form a reticular lied lor 
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the proper tissue, througlioiit the Avhole organ. This tissue con- 
sists of the * lieiiine ’ or sjilecii-suhstance and of* si)lenic corpus- 
cles.’ It* a j)ortion of the trahecular tissue he treated wilii acetic 

acid, muscular iihre-cells may he seen, 
f as at a\ with their nuclei />, interiiiixed 



Mi«' .‘I- -.'ll <;, oil 1 T:! J: 

I'r"!!! flit* r-i'icrlt of ;i I J* ri.i .-irlrf io':.- : rcoin Mji.- »j.I< cii i>| llio I'li-r, 

«!i-iin. r.cvnr'. Ji lUJiii. 


the most delicale ])ljites oi* the trahecular tissiu', i^spof'ially in 
qii;idru|K‘ds. Tlie s])lenie corpuscles, lig. -io2, r, c, arc whitish 
s[)hcri<*al. l) 0 (lics imhedded in the • lieiiine;’ most: constant and 
eonspicuons in ruminant, equine, and some other (pnnlnqieds : 
less cous]>lcuous, or wanting, in adult human sphauis, es[)eci;illy 
aftoi* lethal disease. 'J'hey are elliptical, averaging 
onosixth of a line in diameter, and are attached hy 
short peduncles to s]>lcnie arterioles (f^h, the pcdnii- 
eles heing contimious Vvitli the slujaths aeeonqiaiiy- 
ing those vessels. Treated with a little dilute 
^ alkali, the proper wall of the corpuscle, fig. 417, 

^*-nder(;d more distinct, and the elastic fibres of 
same, h, may he seen, in connection with the 
hraneh of the arteriole c, to which it is appended. 
The corpuscular capsule is filled by a semi-fluid greyish mass, 
ineluding iiueleated eorjiuseles, fig. VM, 'riioy have suggested 
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many hypotheses, their comparison, by Kbllikev, to the cells in 
tlic sinuses (^f lymphatic ganglions, apjjcaring to be most accept- 
able. The ‘lienine’ is a soft mass, in colour passing from reddish- 
brown to briglit red on exposure to air, lilliiig up all the interstices 
between the larger partitions and vessels. It consists of fine 
bloodvessels, lienine cells, delicate fibres or bands, and blood in 
various states. The lienine cells, fig. 434, vary in size from 

to ^ i*' colour, with a dark 

nucleus: with them arc cells with smaller corjiuscles, caudate 
corpuscles, and free nuclei; all cxoni{)lifying 
tlie size-limiting or shape-inducing property of 
the viscid inateriMls, proteine and inyeline, under 
the reaction of albumino-seroiis solution : falla- 
ciously suggesting the ^ continuous firocess of 
cell-growth by wliicb new colls arc formed 
aroiiml nuclei, and old ones disappear;’^ as also 
the ‘development of blood-discs Avitlviii cells.’ ^ 
and 434 merely e-'^em[)li(y some among the manifold torms under 
wliich colloid elements aggregate in definite spaces, under such 
inllucnces as the spongy j-eservoir of the sjileen athirds. 

The splenic artery, espe<dally when the ^ paiicreatica magna ’ 
and other branches to tlic pancreas are not called upon to supply 
materials for the energetic and iitliil action of that gland, must 
])onr more blood into the splenic reservoir than is needed for the 
mere nutrition of the organ, and consc^pKnitly the blood must 
llicre Miidergo change. lUit the spleen receives too small a pro- 
])ortiou of tlie circulating mass to have any definite influence on 
the manufacture or general condition of blood. Such ebanges as 
ai'c (dfected in the splenic locality more probably relate to the 
iuiictioiis of the gland to which tin* altered blood is exclusively 
carried: and it is to lie noted that the splenic vein is the largest 
tiftlie constituent chaninds of the portal one.*^ The most siiruifi- 
cant fact in the (Comparative Anatomy of the spleen is its corre- 
lative development with tlie pancreas and its rc‘eej»tion of blood 
iVom the termination of the artery mainly supplying the pancreas 
in its course to the spleen. 

‘ ccviii". j). 78 1 . 

“ II). p. 782, figs. o31, /ilCi. Tlirs«s niul tlu* figui’rs 529, ^-iO, ropresont iiutliinf; 
•^I'^vincjilly distinct IVoin the iv.Hiilts of Ibrini faction under tfiniilar eoiiditu)ii.s in other 
lot alitios botli in and out of tlic Jiving body, 

■* The supply of the eoiouriug Tnatlcr of tin* bilo from IncTuatin set free in the 
•‘Spleen lias he<*.ii suggivsled. Kvtirpation of tlie spleen cliielly alleets the biliary si cro- 
^i'>ii. The. condition of tlie spleen in Havua/ooyn negatives its l>eiiig the seat of tho 
inMuiifiictuvo of blood-corpiisclcs. 
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Ill the ()ririt!iorliyiu‘liui=^, the spleen, i>()8, ?/, ?/., is relatively 
large, and consists of tw(» h)l)es heiit nj)on oacli other at an aciiU; 
angle : the anterior and right lobe is four inches long, the posterior 
and left lobe two inches and a half; the riglit loI>c is bent uj>on 
Itself. Tiic artery of tlie pancreas is continiual from the leil ejid 
of that gland into the base of the spleen before its hi furcation. 
In ihe Echidna, l.H?sides the two lobes which are c(»ntInuod for^ 
Avards fi*om the left side, there is a third shorter descending 
appendage. Tlie lobes are thin and moderately hroml in both 
jMonutremes. Tlie jMarsujnalia repeat the bent or bilobed cha- 
racter of the spleen as shown in that a[)pended to the left end of 
the stomai'h of the riiascogale, tig. 301). In the great Kangaroo 
( Mdcrojius liHijor) 1 found the main bodv ol* the s|)leeii ten iin^lK s 
long, and the rectangular process six inches; both j)arts Avere 
naiTow and thin. 

Ill I.issrvr.vjihdhi the spleen presents a more simple form, 
ol>Iojig, llatiened, fig. 323, / ( Klij/nvItori/oN )^ with one einl in 
con tact, and having tlie usual vaseidar relatjoii with tlu! p:m- 
ereas, ib. jk The sj)loeii is relatively longer ;nid muTOAver in tln^ 
]\l()lo and lledgeliog: it is a tliin elongate l>ody, loos(‘Iy sus- 
])ende«l, in the Squirrel, Avhore it lies to the left of the epii^Ioi)!), 
as in tlie Marmot ; it follows, similarly suspended, tlie great 
curve of the stoniaeli in the Mole-rat ( AV/Zo/cryz/.v), being thieke-t 
at the left and upper end; in the common Kat the sfileen has an 
<d)long triangular form ; in the Vole it is broader at the lower 
than at the npjK?r end: in Cnpronn/s It lias an elongate trihefiral 
form, broadest at the loAver end; In Lftf/ostonifts the spleen is 
triangular, Avitli the upper ainl anterior angh‘ most prodneed.’ It 
varies from the round to the oblong shape In the Eorcu|>ines ami 
Agoutis, and occasionally a small d(;taelie<l sjdeen is add(‘d, in 
the epiploic suspending duplicaturc. Hunter notes, in tlie ( hipy- 
bara, theclosc reseinblanec of the spleen in shape to that of -Man; 
and it is less elongate than usual in the (1 iiinea-pig. In 
it resumes its naiToAv clongateil figure. In Dds^pus Peha the 
spleen is elongate and three-sided ; 1 found It 2^ inches in length ; 
ill contact with the ]>aiien.‘as ; in Dus. f>-r//zr//z.s the s|)l(H*n is 
broader and (latter, and there was a small snp|>lemental spleen in 
my suhjoet.*' In the three-toi'd Sloth the splcim is an inch in 
length, ol'loiig, Ihiekest at the lower (uul, suspended in the 
ejujilodn: in the two-loed Sloth it is almost round, flat, and thiio 
and closely attached to the setroud (*ompartment of the stomach, 

^ cexij". p. J70. ' u xxxVr. vn!. ii. p. i>lo. ^ rxxviu''. pp. 11% 1'^"* 
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l»nt ill contact witJi the pancreas. In some Cetavm the sjilfion is 
remarkable for its snlKli\ision.s ; the largest in tlio Porpoise, fig. 
;L)1:, equals a walnut, h ; the others, t.«> the niiinbor of four, five, 
or six, ib. /, are of iniieb smaller size; in the Whales (^Bahe- 
niyptera) the s[>leen is, usually, singh^ but smaller reladvely. In 
Sirciiia it appears to be always umlividcMl ; presenting an oval 
t'oriii in the Dugong, and measuring ti inches in length and I t 
inch in breadth. 

In the Phqihant the spleen is long ami fiat; it measured in a 
leilf-grown Indian kind Iret 10 Inches, its extrenn^ breadth 
being S inches. 

In the llyrax the splc(Mi is l)road, llattcncd, semilnnar, witb 
occasionally a narrow process from its middh‘, lik<* a handle : its 
length is 2 inches, its breadth 1 iin*li. [n the Uhinoceros the 
s[)leeii is elongate, sul)ti-ilie<lral : in my j»iah^ subject it measnrod 
in length .*> feet fi inches, and I foot 1 imdies in greatest hrea<lthJ 
Tin* spleen is elongate, and llattcncd in the I lorse, liroadest at the 
iiplKU* (*nd. In thq Wart-liog ( i^hmufrliu rffs) the sj»l(‘cn is a long 
llattioKMl ellipsoitl l)ody, 1 I im*hes in lengtli, and 2{r imdics across 
its broadest part, wlrich is at the inid<ll(‘.‘** ddn* s|>leen has a similar 
lonn in tin* Hahyronssa (Stfs Jytiht/rnssif ) : in the civnumm Hog it 
is elongate and triliedral. The spleen is elongate and llattened in 
nil IJnminants; the inner odg<‘ is sometimes attached to the 
crura of the diaphragm; it is broader, at one end, in the t'ow, 
licind (‘or, and (Jirafie, than in other Ruminants. In one (Jirafie 
tin* spleen was U) inebes long, and 7i inelies broad: \u amdher 
ot tin* same stature it was inebes long, and o inelies broad: 
m l><)lli of an oval form, and not more tban I j inches at the 
tliiehot |)art." 

ff a sj>Ieen be injected with alcohol and hardened therein pre- 
vious to section, the intertrabccniar s[)ai‘es are seen to be larger 
m l/iH/nlfdu tban in C(trn'n:nrn* In the Horse such spaces arc 
then seen to intercommunicate by eircniar apertures. 

In a Seal {J^lnfca vlfulhid) I found the s|>leen a flattened body 
'vilh an irregular notebofl margin, measured i)h inebes in length. 
It was attached to the opljilorui in such a manner (hat it could be 
firawn away for some distance from the stomach, and in the inter- 
v(‘iiing membrane were situated a uumberol’ small dark glandular 
Ijodies Irom the size of a horse-bean to that of a jica, resembling 
die omental splenules in the Porpoise; tliose were not fouml in a 
^ceoiul specimen. 

In a setter-dog the spleen was oblong, 10 inches long by fi nn*lH\s 

' V*. 1 1. " eexm". p. fiS. » xcvii". p. 
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at tlie broadest part : its sei'oiis C4>at, us in most quadru[>e<ls, is 
derived from botli layers of the Cjuplodiu which are reflected from 
one margin to the stoinaclu and by the opposite to tlie dorsal 
abdominal walls. In the Felines the spleen commonly jiresents 
an elongate trihedral form, attached to the stomach by the diipli- 
catiire extended from the angle formed by the meeting of the two 
lessor sides. 

In thg Aye-aye the spleen is an elongate, trihedral body, bent 
at nearly^ a right angle upon Itself, the lower [)ortion being nearly 
half the length of the upper one ; it is suspended in the epiploini 
at the left and lower enrve of the stomaeh. The spleen jwesents 
a like shape and |)Osition in the Lemurs: but is less bent in 
Lemur Monc/oz. The s|»leen is elongate and straight in Platyrhim' 
Monkeys; it beemnes broader and thicker in Catarhincs: il 
shows a snlitriangnlar form in the r>abot)n {Papin pnrrariifs), 
where one angle is nttacdicd to the stomacli, anotlicr to tlic kidney, 
and a third projects treely into the epiploon: in tailless Apes the 
S{)loen more roseml)les in shape, attadnnents, cjnd in the source of 
its serous investment, that of Man. 

The loose nature of the suspension of the spleen somewliat 
affects the value of the remarks on its various positions iu Mam- 
malia, given in xfi. tom. iv. pi. ii. p. 017, where It is said to l)c 
near the pyloric end of the stomach in a Xyctinome and a Xoclilio, 
a Phyllostorne and a !Megadcnn among Jhits, while in other 
species of these genera It was found nearer tlie cardia: inn. 
Vesperiihn and I{hi)a}lophns it was observed to be bent round the 
great curvature of the stomach, lu Pternpus and (Jaleopiflarus 
the spleen retains its common position applied to the cardia: it is 
relatively smaller in frugivorous than in insectivorous and sangui- 
vorous Bats, but is gciiei’allj" long and narrow: it is triangular in 
Galrnpiihecn.s, In Imectlvora the S])leen is loosely susj)cndcd 
in the epij>loon from tlie cardiac eiil-de-sae ; it is relatively largest 
in the more carnivorous of the order, e.g., the Tenrccs. 

ilic spleen is larger in the omnivorous and (piasi-carnivorons 
Ivodents, the Kats, than in the vegetarian majority of the 
order: it is relatively larger in Carnivora, llian in Uncjulata. I'he 
amount of hydro-carbonates to be eliminated liy the liver would 
scorn to lnflu(*nce the capacity of the alterative receptacle of the 
great preportiou of the blood which is suppliird to the hile-making 
organ. With releience to the hypothesis of sanguifaclion it may 
be remarked that in no Mammalian order is the mass of blood so 
great, or so full ol l>lood-discs, as in the Cetavea\ yet in them the 
spleen has its least relative si/e. 
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§ 351. Tlu/roid of i\tainw<di(U ’' The ix^pre.seiitaiive l)e<:» i]urinjj;\s 
of the v:iS4)g5inglioii eoininonly known as the ‘ thyroid gland ’ 
are nolieed in vol. i. j). 504 (Fishes^ lve])tiles), and in vol. ii. 
j). 2'M) (Birds): hnt tliis organ is rocognisahle, witlfmit ann- 
i)ignity, only in lluj jaa'sent elass. II(M*e it is locally related to 
tlic windpipes and has received its name (roni its proximity to 
tlie shield-shaped cartilage of the larynx in the human sulyect. 
It consists of a [aiir of uhlong, rounded masses ; in some, (.‘spe- 
cially higher gy rimc<‘plmlons Mammals, unit oil as in Man by a 
transverse band of like sulistance (m)ssing the sternal aspect ol’ 
the air-tube. 

The proper tunij* of the thyroid is a thin layer of condensed 
areolar tissue, from tlu^ inner surface oj‘ which [n’oceiHl se|)tal or 
Irahccular pnxresses, partitioning its substance into lobules, and 
idliinately into minute bags of vesicles. 'V\\<\ analogy to the struc- 
ture of the spleen is close, but the frame-work is nuieli less dense 
and fibrous : and tlie vesicular striK'turc?, instead of receiving the 
hlood directly, is tilled Avith a solution ol’ fibro-albuminoid, pro- 
leine, or my(‘line substam*e deriv(.‘d tlKnxHrom. The (|nantity of 
lilood s(‘nt t<» tlu> tliyroid is nuudi more than would be ne(idcd for 
uiere nutrition: it is doriv(?d I’rom arteries, not constantly J’ising 
just beyond the points where the arteries to the hraiu are given 
olITrnm tlu^ large trunks, but varying according as the length of 
the n(*ck in Mammals may affect the relative ])ositlon of tlie 
thyroid to those ti’unks: thus in the Giraffe and most l^ngulates 
the arteries supplying the thyroids (*01110 oil' from the contignous 
l)art of the (aiiotids. 'I'lu're may he two or three hranclu's from 
I he common carotid (Lntrn); and the distiiictiou between ‘ lower 
thyroid arteries’ from the sidiclavian, and ‘ upper thyroid arteries' 
loan the cctocairotid, liardly begins to be established before the 
t^uadnimaiious order is rea<*hed. The ultimate ramifications of 
tli('S(! arteries form elusc-ineshcd plexuses ujioii the limitary ineni- 
l>rane or capsule of the v(?sieles ; such capillaries present a diameter 
of f’rom b> ;, ,/o ,)fh of an inch. 4’lie blood is returned by 

vems joining in most Mammals the external jugular; and in 
Qum/nutuina and Man the Internal jugular ; but with varieties in 
diis resp(‘et. 

riie effect of M'oi’mifaction,’ or assum[)ti()ii of shape and defin- 
able si/e, by the ‘ colloid,’ ^ jiroteine,’ or ^ inyeline ’ elements of 
the solution filling the tliy rokl vc^siek^s, is shown in the sections of 
i^nc'h from the II(*.dgehog, fig. 435, and the Bullock, fig. 437, 
find in portions of such lining, or adherent formed matter, from 
die thyroid vesicles of a Ivabbit, fig. 436. In these instances 

0 o 3 
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the forms have been described as * an epithelial stratum, con- 
sisting usually oi' nuclei set closely together in a scanty basis 
substance, fig. 435, Avhich is either feebly granular or of a 
somevvliat oily asjiect;' ‘their nucleoli are not always visible, 
and vary in number from one to four or iive. The nuclei are 
always vesicular, bouiukHl by a strongly marked envelope, and 
have a moan diameter of ;ioV)T)th inoh.’^ l>ut the foruK'd lining 



suhstanoe often presents, as in figs. 43)5 and 137, the condition 
of delicate vesicles, without mudeus, with contents mostly pellucid, 
sometimes faintly granular. Dr. Jones ohserves : - ‘ 1 am inclinod 
to heliove that they originate in the nuclei, wliich undergo a kind 
of expansion, at the same time losing their nucleoli.’ Emanei- 
])atiiig liimself for a moment from the ‘generative’ theory in 
reference to the ‘ progress oi' the nucleus from its i)rimitive con- 
dition to a further stage of cell-devcdopment,’ ho candidly admits 
it to he ‘worth remarking that it’ (the stage) ‘ may be artificially 
f>roduccd by adding to the specimen some coagulating reagent, 
whi(ih speedily solidifies a film of albuminous plasma around the 
nuclei, and thus produces very good imitations of cells.’ ^ 

Analyses of the contents of the tliyroid have shown or rendered 
it very jirobahle that they arc albuminoid, yet not in the state oi' 
or<]inary fluid albuimm, and that gelatine is sometimes an in- 
gredient: amonii the salts are cldorido of sodium and a trace (d 
alkaline sulphate: crystals of tri[>lc phospliate and of oxalate ot 
lime occni' in the cavities.'* 

In the (Jrniilwrhpichus two bodies, extending between the 


* CCJ.XXIX. p. 1101. 

- Il». p. 1 lOi). For thft oondilions and degree in which this jind most olhci* phono- 
noinenn of so*oalh'd * cell-devt'lopnuajl insiy ho art ificially uianifosled, hoc ccix" and 
eex", especially the latter important contribution to the philosophy of physiology. 

® ccr.xix. p, 1106. 
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scapula and humerus, covered by the panniculus carnosus and 
tlie trapezius, present a re<hlish colour, a lobulated structure, and 
pretty firm texture, and seem to represent the thyroids. These 
are in more constant j elatioii to the wind{)i|)e, in Marsupials : 
they are two disunited bodies in (he Dasynres ; each j)resenting 
the size of a horse-bean in the Das, macrurus, ^rh<3y Averc of the 
same size in a PhalatKjhta fnlh/hiosa^ but Avei’c united by a fila- 
mentary strip passing between tlieir lower extremity’, across the 
first tracheal ring. In the Wombat 1 found two elongated thyroid 
bodies of a dark colour reaching from the thyroid cartilage to the 
sevcTith tracheal ring on each side. In the Koala tliey were 
situatcil lower down, (?xtcndlng from the fourth to the ninth or 
tenth tracheal ring. 

The tliyroid is relatively small in tlie Kangaroo. It presents 
more normal j>ro[)ortions in Kodents, but is connected by very 
lax areolar tissue to the trachea. Each body is elongate and 
almost cylimlrical, but expanding at the lowci* end, where they 
an* joined l)y a tbiii band, in tin* Haro and Ivabbit. The uniting 
band is tbicker and rounded in Rats and Marmots ; but appears 
to be wanting in (Jeoan/s and Ihithf/en/us, '^fhe thyroid bodies 
arc commonly iiminitod in Chi>iroittera, They lie, similarly <lc- 
tached, but low down, opposite the sixth and seventh tracheal 
rings, in the Ele[)hant. They are also sc|)arato and more remote 
from the larynx in Delplihnda^ Cuvier notes them as rounded 
ami sci)arate in the llt/rax,^ In the Rhinoceros I found them 
joined tog(*ther by a vea-y thin and narrow strip continued be- 
tween their hind(*r ends, obliquely acrtiss the trachea. Each 
body was elongate, subtriangiilar, extending from (he sides of the 
larynx to the fourth tracheal ring, and (limiiiishing as they 
des<*ended: a small compa<‘t yelh>w body was attached to the 
thyroid at the point of emergem*e of the vein. In the Horse, 
also, I find the thyroids connected by a slender l)and crossing the 
second tracheal ririg:*^ each body is ogg-sha])ed and united af)oul 
onc-third IVom the jower end. The thyroids are retatively smaller 
in the Ass, but are similarly united to each other. 

In the Llamas (Auchniia) tlie thyroids are oval, Avith the great 
end dowiiAvard, extending from the side of the thyi'oid cartilage 
to the third tracheal ring, Avhere they arc connextted together 
ky a filamentary band : this baud is relatively broader in the 
true Iluminants, in most of A\duch the thyroids have a more 

' I roi^^rot that I omitO/d to Jiotc tho oondirum of tho thyroid in ci.m". 

‘ CHivicr di-.scri1»oa them as * eiitiorcmciit separcs, et siliivb bioii au-dossoiis du 
larynx.’ xii. turn. viii. p. 077. 
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elongate 1‘onn. In ]>ea]*.< the tliyroMs are joined by a long slender 
band at their lower ends. In Felines the uniting band appears 
to become longi*r and more slender by ag(>, and sometimes dis- 
a|)p(‘ars. Chh ier in>(es three distinet eomieeting bands in a Civet- 
eatd and two such bands \n a Marmoset monkey. In lh(‘. Aye- 
aye the tliyroid bodies, elongate, triangular, and Hattened, lie* 
u[»on the sides of the second to the seventh tracheal rings in- 
clusive, and are devoid of coniH‘(‘ting transverse strip,^ In mosi 
Qitadnuiuuin tlie tiiyrni<I.s are united, hut hy a longer and narrowei 
band or ‘ isthmus ■ than in ^lan. In him the thyroid ])odies an* 
not only rcialively largo, hut arc united hy an Msthuuis* so ln’oad 

as t<» usually extend acro>> 
two or more upp(‘r rings of tlic 
iraeliea; moreover, a jn'occ'.-.- 
extends from the upper part 
of the isthmus, as the ‘ j>v- 
ramid ’ or • mesial colmmi,' 
winch in sc<^u(‘ suhj(»ets renelio 
to tlie hyoid bone*. Many 
vurictios have been noted in 
tin* human tliyroid. Some- 
times the isihuiiis is al)senl, 
as normally in eertaiu lower 
Mammalia ; and sometimes 
tlieiH^ is more than one pyrn- 
mhlal or ascending [ii'oee^s. 

§ 3r>2. Tlif/mus ,- — ^'hisbody 
is <listingnishcd from tlie thy- 
roid l>y its wide central ca- 
vity, and by its diminution ol 
voinme or disaj)]>oarance after 
early agf?. lii the Hiimai) snb- 
jeet, e.g., at birth the thvimis. 
fig. 43S, a, </, may weigh 2i<^ 
grains, and increase to 27<) 
grains in the infant of one year; 
but, with the (levelopiucnt and exercise of the muscular system, it 
wastes away, and imiy be reduced at twenty-one years of age to 
a reinnaiit wcigliifig only forty grains. After twenty-five it 
rare, or difficult, to discover any of its structure left in the areolar 
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tissue of the inediiislininxi. At. birth the l)iilk of the f^hind lies 
behind the iiiaiiubriiun, desceudiiifr to near the middle of the 
sternum, and ascending upon the fore and lateral pai'ts of the 
trachea to the thyroid. IJy dissection the thymus can be sepa- 
rated into two lateral poi-tions, whicli arc 
naturally distinct at an (‘arlier phase of de- 
velopment; each lateral ])art being a narrow 
elongated laxly, folded upon itself, and further 
r(‘Solvable into lobules and acini, like those of 
a true cojiglomerate gland ; but all tlic acinal 
cavities communicate Avith a central reservoir, 
fiu-. lo9, occupied by a milk-like solution of 
albuminoid or proteine principles. Formifac- 
lion here pr<xluces " corpuscles, very closely 
resembling (in fact identical with) the nuclei 
of glandular cells;'* but presenting more 
numerous nucle(»li: their form being for the 
most ])art spluTival. ‘ Mingled with these 
1 have found in the thymus of a Falf, as avcH 
as in that of a young Ouinea-pig, a fmv larger 

I 1 * I ' I 1 1 • * I *’ Si’i’i j(jii i.r' 'riiyiMiis, sliovviiiy 

eorpus(‘les, about (loul)Ie tlie size ol the lormer, uu- (. iifi;.! n-s.ivoir. 
of splicri<‘al form, filled cither with a granular ' 

matter aloms or containing also a nucleus, or larger vesicular 
liody.’^’ 

I'he thymus in Monotremes lies between the ('pisternum and 
the beginnings of the vc'ssels from the aortic arch. In a Kan- 
garoo from the pouch Simon found the tliymuson the pericardium 
with a medial lobe besides the two lateral ones."* In Kodents the 
thymus consists of two long lobes extending from the base of the 
heai't, parallel with each other, forward, to the root of the neck. 
Ihxlics extending from this position to the posterior mediastinum 
and forward along tlu' cervi<\‘d vessels to near tlic mandible, but 
consisting, aciMU'ding to Simon, of aggregates of fat-vcsicles, 
undergo periodical increase, in the Marmots,'"' prior to hiber- 
nation. In a liat dissected in Miivcli, Dr. H. flones could 
not detect any eertain homologuo of a lliyimis ; but found 
uM each side of the root of the neck a yelloAvish lobulated mass 
c(»nsisting of conical lobes defined by limitary membrane: the 
lobes were hollow and ‘ filled by aggregations of oelloid [larticles, 
which were not manifestly nucleated, nor jirovided witli an cn- 
vel()])e, ‘ hut consisted of aggregations of oil-dro]>s and moloenles. 
In the subjoined view, fig. 440, of a portion of this body, magni- 
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ilecl, 0!ily tlio peripheral row was visible, (ho rest of the mass 
beiiij;' opaijiie. In (errestrial Insrctirifra the thymus is less 
aiiil>Iguoii.s, and consists of two nearly equal lobes lyin}^ on the 

base of tluj lieart and 


MO 



l)ei» innin"s of the great 
\ essels. In the Hedge- 
hog were found ‘ two 
roundish masses almost 
precisely similar to 
those in the same situ- 
ation in the I>at, and 


\ of liil.r of <-i!\ ii;il Misiiui'i !iU'‘ I'vh'x, U:i!. 


two broader and thin- 


ner ones lying in the axilla/* ‘ The eelloid particles were 
more loaded Avith oil than in the Hat, and in some parts tiny 
were more or less l)roken ni> and the oily matter dilfnsed in 
the cavitv.’* in both cases these lohidated masses may be \v(^ll- 
marked luoditieations of the adi|>ose tissue. In (rhnra. a thymus 
has been recognised in Jlakfua ini/stlrrtfts^ t^ie right h»he ex- 
tending ov(M* tlie aortic ai'ch to the trachea, where it terminates 
in two small (Mvrmia, the left lohe b(‘ing of smalhn* si/,e. ‘ In the 
fmtal I)ol|)liin tliese are two large m(‘dian portions, iiericardiiie 
and tra<*Iieal, Avith deep-seated lateral cornna.''* In a fotal 
Elephant the thvmiis is a flat mass bcmeath the anterior |>art ol’ 
the pericardium, svitli a sliort forward j>!-olongatjon of the riglo 
lobe. In the Uhinoceros the thymus holds a like position, and 
cncroaclies hut a little Avay up<»n the iK'ck. In the Artioilaet vies, 
whether ruminant (Ox, Deer) or non-rmninant (lV*ecari), tliC 
cervical portions of the rhymus are more developed, often ex- 
tending to tlie mandibular angles. Idle tliymus of the (^Uf is 
very large and affords a good subjiH-t (or investigating the strue- 
ture of this body. In Viiritivora the tliymns lias the usual posi- 
tion in the thorax, to Avlii<*h it is limited; it soon shrinks, and in 
Eelines disa[»pears. At its fullest ])hase of deAelopmeiit in the 
Cat, tlie thymus is thi<*k from b(*fore haekward, and its right aial 
left lolies el(>s(?ly interdigitate. In a young Seal, Simon fouml it 
in tAVo symmetrical, broad, thickish lobes, extending to the root 
of tlie neck, and " abruptly terminated by elubbeil extremities, 
which are ilet^ply grooved in front by the left vena innominata.’* 
In most (^specially the ('atarhine group? the 

thymus presents the same general shape and relations as in the 
luinian subject. 

§ Adrenals . — Tlicse liodies arc best developed in Mam- 

’ ccxw". p. lOfl/i, I!». » C S\'\ * t!>. 
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malia; iaiid, in the liiiiifiiions order, they repeat, thougli in a minor 
degree, the redation oi* largent relative size to tlie immature period, 
'.rhey are suhtriangulai*, flattened, with their base excavated 
and resti7ig, in Man, upon the upper end of th('. kidney, wlience 
they have been termed ‘ sujua- renal capsules:’ in lower Mam- 
mals they are in(H*c commonly mesiad of the uj)pcr end of the 
kidney, and not always in contact therewith: at the base of the 
j»art is a fissure giving issue to the large adrenal vein. The sub' 
slance of the body is distinguished by, usually conspicuous, differ- 
ences of colour into ^cortical’ and ‘ medullary; ’ the former, in 
Man, being yellowish-l)rown, the latter reddish-brown : the (‘ortieal 
^uhstatme is also firmer tlian the medullary, which receives m(>re 
blood, and appears soon to dissolve alter death, occasioning the 
cavitv there usually found. The propto' areolar capside sends 
iticurve<l processes, localising the tissue into lobes and lobules: 
the ultimate texture of* tlie cortical subsianeo being minutely 
vesicular, the vesicles varyijig in size, Imt affecting an arrange 
inenl in rows. TJie vesicles arc smallest at the limits of the 
medullary sul)staiic(‘, and here inclose spaces in wliich the usual 
results of* formifaetioii more esfKHnally are met with; such as fine 
gianules, globules, uuelei, and nuclear struct nres, alfording ample 
ground for misinterpretation as " transitions to cell-development’ 
and • metamorphosis to the cell-form,’ 

Keker has delineated some of the evidences of size-limit- 
ing, form-giving forces, analogous to those <»{ crystallisation, 
in fig. 441, Avhere a is a ‘ nucl us,’ // ‘’ nucleus en\vra|>p(Hl hi 
a fine granular mass,' r ‘ cell,’ 
fl ‘ nuvdear vesicle of an em- 
bryo,’ c *■ two glarnl- vesicles 
Avilb their cont(mls.’ With 
these are mixed oil-globules; 
in gn'ator abuiidaueo in the 
arlrenals of Lissencephaht and 
Vantirora than in those of 
Man, niul more or less ob- 
senring the Miuelei’aml ‘ gland-vesieles.’ These, in the Horse, 
ai-e smaller and more spherical at tlu' peri[)hery, larger and more 
oval toward the centre, of the cortical substance, there offering 
the linear arrangemeut. (ilaud-vesicles also occur in the medid- 
lary suhstance of the Horse’s adrenals. In the Ox the trabecular 
tissue of the cortiiad siilistanee defining the lobules is firm and 
well-marked: the fatty globules are foAver than in IMan. The 
gland-vesicles are distinct In the adrenals of the Hedgehog. In 
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the Mole the adrenals have the fonn of a three-sided pyrainid. 
In tlie Covpu they are long and rounded, oi‘ a greyisli-yellow 
oxternally; their nnMlnllary siraetnro like soft liver. Their 
length was one inch ; their situation inesiad of the upper extremit y 
of each kidney. They have a similar eylindrieal figure, and large 
relative size in the Porcupine and many other Roclenis; they ar<^ 
shorter in tlie Muridie ; are roundish and somewhat thitteiied in 
Lq)ori(la\ In a young Sloth 1 found tin* adrenal surpassing the 
kidney in size, and showing distinctly the cm-tical aiid medtillary 
suixstances. In the Crtamt there is an interesting analogy between 
the adrenal, in regard to its lolmlated exterior, and the multi- 
lobate kidney. In tlie Hlephant the adrenal is a depressed con(‘, 
with the l>ase bilobed. In the Khinoceros the adrcmal bodies, like* 
the kidneys, differed from ea<‘h other in Ibrm ; they were elongaled 
and Jiearly cylindrical. 'The right had one extremity bent at ;i 
right angle: Its length In a female Khinoeeros was tliree and ;i 
half inches; its bre’udtli aeross the bent (‘xtreanity two inches: 
the left was simply elongated, llirce and a half indies long, one 
and a hall l.».‘o:ul , and one inch thick. In seed ion they jirescnied 
an external gr(‘Yish-V(‘llow' librous cortex, IVom one-fourth to one- 
third of an iueli tliick, enclosing a lleshy-colonred substanci*, in 
tlie middle of wliieh there was a semilunar [>ortion of tlic grey 
fibrous matter: there was no trace of a central cavity. l>otli 
suprarenal bodies adliei'ed closcdy to tlie contiguous lai^ge veins.' 
In the Horse tin? adrenals are flattened and triangular. In tin: 
Ox they somewhat n\semble tlie kidney ilsidf in slia|)e: in the 
Itin’mleer they are a full oval : in the Sheep they 
are more elongate. In the Seal, as in the AVhale, 
lliey rescaubJe the kidney in their fifioly lobulate 
exterior; in the Don; they are lonuish and evbn- 
driea! : in the Cat ronndlsh and somewhat flaitenen 
/ in the Aye*aye the adrenals ai'O .subtriangular, 
elongate, ilepn^ssed, and relatively larger than in 
the higher (^uadramnnay in which the adnmals 
lirogressivciy ajiproaeh the slnijie and proportions 
' pi’f^sented In the human subject. 

In the fd’tiis the adrenal, like the kidney, shows 
a lobvdated exterior; at an early p(!riod of the development of 
these bodies the adnaial, fig. 442, Uy exceeds the kidney, />, hi 
size : both are ])rei:ede<! liv tlie deciduous or Wolffian kidneys, 
//, r/. In the cmluyo of the twddfth week the kidneys and adrenals 
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are of equal size : in the sixth niontli the kidneys have gained in 
Aveight so as to be as five to two: and at Irirtli they arc as three 
to one : after this time the adrenals diminish so as in tlic adult to 
be only kidney. Occasionally they entirely 

waste away. 

The large ])roporti()nal supply of nerves to the maininalian 
adrenals from the eontigiious plexuses (cmliac and renal) of the 
syini)athetic system is worthy of note. 
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CHAPTER XXXIIL 

KKSIMUATORY SYSTEM OF MAMMALIA, 

{354. Lniufs of Maminalia, — The class-eharaeteristic aflorded 
by these organs is defined in vol. ii. p. 266, and exemplified in 
lig. 139, ib. In all ^Mammals each lung, ib. A/, is conical, M'ith the 
l>ase vesting upon the diaphragm, ib. r/, and the apex reaching to 
the root nf the neck : the shape, and especially (he degree ufsub- 
<livision, of tlie pulmonarv cone oflfer many varieties in the class. 
The most conunon quadruj)edal difference from the bimanal typo 
is the lobe, called • azygos ’ <>r ‘ impar,’ detached from the right 
lung to occupy the space between the heart aiuj diaphragm, as at 
?/, fig, 308 {()ni}thorhj/nckns\ The outer surface of the lung 
is smooth, being covered by a serous membrane, reflected from 
the great blood- and air-vessels forming its ^root’ upon the Avails 
of ilic thorax; thus constituting a shut sac, (‘ailed ^pleural/ 
distinct from that of the opposite lung. The portions of the 
pleurae jaissing r(‘S|>ectively from the pulmonary roots to the ba(*lv 
and fore |>arts of tlie thoracic cavity, are called ‘ m(3diastinal,' and 
interce|)t the j)ericardium, great vessels, thymus, gullet, and (jther 
j)arts intervening betw(?en the two lungs: the regions of such 
thoracic septum being defined, in Antliropotomy, a,s ^anterior,’ 
‘ posterior,’ and ^ middle mediastina.’ The pleural so rous sacs are 
]>cculiar to Mammalia : they facilitate the movements of the lung 
up(jn the thoracic walls during res|)iration. 

The Aviiid-pi[)e bifurcates to supply each lung, fig. 418, r, i**, 
Avith air, as does the }>ulmonarv artery conveying the blood 
to be aflected th(;reby ; the pulmonary veins, il). p, return the 
])lood so clmnged to the heart. Besides these three main (.‘on- 
stituents of the ‘ root’ of the lung, it includes the ‘ bronchial ’ oi* 
nutritive arteries and veins, absorbents and nerves, Avith their 
coimective ti>ssuc, and the enveloping pleural sheath. Beneath 
the serous covering of the lung is a layer of combined areolar and 
elastic tissues, the hitter predominating in the den.ser ‘ sub-serous’ 
coat of the lungs of the larger carnivorous and ungulate mammals : 
in Cetacea the smooth contractihj fibre is theroAvith intermixed. 

The trachea is kept patent by cartilaginous hoops, tins ends 
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of wliicb, ill most maniiiuilft, do not coalesce, but citber overlap, 
meet, or, more commonly, fail to meet by about one- fourth, or less, 
of their circumference, fif^, 45.‘>, h. The slit or interval, which is 
usually at the back, or gvdar surfa(‘e, of the wind|)ip(?, is completed 
hy a musculo-meinbranous sheet. * The lioops themselves are 
eomie(‘ted together by a 
stnmg elastic membrane 
occu py hig their intervals 
and also extended over 
both their outer and ininu- 
surface?. The entire tube 
is invested by loose areolar 
tissue, ami is lined by a 
mu(M)US membrane with a 
ciliated free surface. 

'riie tracboal cartilage, 
fig. 14.4, c, consists of a 
(il)rous basis, charged with 
nucleate cells. U nstriptMl 
nuiseular fibres extend be- 
tween the ends of the hoop, 

liaviin*’ th(*ir att aehment to TransvcrM'settiwii of miohoa Oirontfli ac;irtlliis5lM0U9 
P ' , ^ hi)t.|i, r. fio.vvm. 

the inner surface, some 

short way from the end itself, as at A, fig. 444, others pass ob- 
liquely between contiguous hoops. Ou the Inner surface of tlic 
traclieal cartilages and muscles is a stratum of elastic, chiefly 



longitudinal, fibres, ib. i: their 
fasciculi arc most coiis[)icu- 
oils, extending in a serpentine 
course along the back part of 
the tube. The mucous mem- 
liraiie consists of a basilemimi, 
lig. 444, a, and of finer areolar 
tissue, />, forming a bed of 
niumjrous nucleate (!ells, c, r/, 
the innermost, c, or those next 
tlie inner surface of the air- 
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tube, being clavate, and su))- Sfclion of tradu’al cillato inui'oOB iiR-mbraiio, inagn 
jKU'ting on their base, each 

from about twenty to fifty vibratile cilia, so acting as to direct 
thi‘oat-wavd the matters with which they are -in contact. The 
Ti^ueus lubricating the ciliate surface and entangling any foreign 
[larticles admitteil with tlie air, is the secretion of small, for the 
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most part racemose, glands, most consj)icuoiis at the gnlar part 
of the Avail, fig. 44o, /, with longish ducts opening n[)on tiic 
ciliate surface. The trachea bifurcates into the ‘ bronchi,’ Avliich, 
before they penetrate their rcspec^tive lung, resemble their trunk- 
tube ill structure: after penetration, or when ‘ intiwpulmonary,’ 
the incomplete hoo])(Ml form of cartilage is oxcliangod for a series 
of irregular curved |)ieees, expanded so as to cnease the Avhole 
circumference of the several bronchial ramifications to neiir the 
terminal ones, Avhere the cartilages become thinner, smaller, mor(‘ 
remote from one another, and ultimately cease ; Avheii the flbro- 
niembranous Avails oavo their patency to the cx|)an.sivc force of the 
contained air. The muscular fibres affect, tor the most part, a 
circular disposition, but some run along the bronchial ramilica- 
tions, thus serving both to contract tlu‘ area and diminish the 



TrafisUioii Df ultinirjlf? b, inr.o j^« rl!.iii nf U'rin(i!:il l/n>iirliial : 
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length of the tulxj. With the longitudinal muscle arc blended 
elastic fibres, and in large proportion in tbe terminal branches, 
fig. 447, a : the transverse muscles, ib. /;, r, have no terminal 
tendons as in the trachea. 

The ultimate jiortions of lung to wliiidi the hromdii are distri- 
huted are called Mobules,’ cm entering which, as in fig. 445, the 
air-tube divides and subdivides, its branches diverging at less and 
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Ic^fS acute augle« ; and, after the fourth or further division, ac- 
cording to the .size of the lobule, tliey inaintairi an ultimate dia- 
meter of about 4 \,th of an inch: then the cylindrical form is 
lo.st, and the air-tube becomes an intercellular passage, beset with 
(lilatations, or ^ air-cells,’ aggregated at tlu^ pcrijiliery of the lobule 


into groups. The cirmte 
mucous membrane termi- 
nates abruptly, where the 
bronchial tube heconnis, as 
at ff and />, tig. 446, an 
i j I tercel 1 u 1 ar pa ssage ; Im t 
jbnnifactiou shows il.s re- 
sults, as ^nuelei’ and ‘ jiavc- 
meiit cells' upon the fre<‘ 
snrfacoof the air-ceils. The 
intercellular passage.s inter- 
communicate, as in lig. 44.0, 
ff, the bronchial ramifica- 
tions, il). A, c, d() not: in 
fig. 4'^6 is .shown the ahi'upf 
transition from the* terminal 
bronchial tube, to the 
intercellular passage, with 
its appended air-cells. A, c, 
Tlic openings of the air- 
cells are strengthened or (h;- 
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fmed by fibres of yellow elastic ti.ssne, fig. 447, iniiuitc filaments 
of whi(*h have been traced over the wall of the eell. 'riie branches 
of the pulmonary arteiy accompany those of the bronchi to the in- 
tercellular pa.s.sage.s, as at fig. 448, a, and are (hero resolved into 
the arterioles, A, A, encompas.sing the orifices of the air-cells, where 
they pass into the capillary network, (/, c; whence the aerated 
or arterialisod blood is received into the beginning of the pul- 
monary vein c. 

On a general eomfjarison of the lung-structure in the two warm- 
blooded classes, it inav bo atHrme<l, of mammals, that the secondary 
and tertiary bronchi, instead of a ‘central' hold a ‘ peri[herar 
course; have arborescent, not pinnatilid divisioirs; and more gra- 
dually decrease in size ; moreover tlicy terminate in cells on the 
f>ariete.s of which the pulmonary capillaries offer only one side to 
the respiratory medium, instead of being wholly iminer.sed in the 
cxtrabronediial air, as in birds. 

In the Ornitborhynclwis the tracheal tube, fig. 308, m, is wide; 
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the cartilaginous rings, fifteen in nnmber, arc broad, entire, and 
slightly overla|> each oilier: the broncliiai annuli are bony, and 
arc continued ul that texture through a great part of the lungs. 
The right lung is divided into three lobes, of which the smallest, 
Hs ib. 7/, fills the interspace 



between the heart and dia- 
])hragm: the left; lung, e, 
is undivided. 

In the Echidna the tra- 
eliea. is narrower : there 
a re tweii t y-two tra<*heal 
lu)0|)S, which are disunited 
Ix'hind ; very firm cartila- 
ginous annuli a^e con- 
tinued along the larger 
branches of the bronchus 
for some way into the 
lung, 

III tiic condition and 
structure of the respira- 
tory organs all the marsu- 
pial Species adhere ::to the 
mammalian ty uc:|f tbfe only 
tendency to t)vipara 
is in the cntircness of the 
tracheal rings in c(irtaiii 
s|)ecics. in the l%dav- 
f/i.sta f ulu/itiosa f where 1 
counted twenty-nine rings, 
the first four-and-tweiity 
were entire; below these 
they were divided jiosteri- 
orly, the interspace grow- 
ing wider to tlie twenty- 
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ninth ring. In the IM- 


syarus tnaernrus the rings of the trachea arc tiventy-throe m 
number, and are inconijileto or rather ununited behind. In the 
Pcrumde.s the tracheal rings arc divided posteriorly by a fissure. 
The lungs in the Wombat consist of a single lobe on both the right 
and left sides, with a small lobnius ^ impar’ extending from the right 
lung to the interspace betwexm the heart and dia[)hragm. In Ma- 
cropus major the i*ighl lung luis tivo notches on the anterior niargnij 
the left lung is undivided.’ In Macropus Parryi both lungs had 
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one or two notelies. In another Kangaroo I found the right lung 
divided into four lohos, the left into two. Tlio azygos lobe is 
large in consequence of the length of the chest in the Kangaroos, 
and the tlistarjce of the heart from the diaphragm : it is three- 
sided, one side convex, the second eoneave and ap]died to the 
])erieardiinn, tlie third side concave, and in contact with the 
diaphragm. In the Potoroo llic lett lung is nnilobate with a 
iisslire on the anterior or uj)per edge; the right lung lias two or 
three deej) fissures ; the azygos lohe is elongated, pointed, and 
trihedral, as in the Kangaroo. In the Petanrists and Phalangers 
the right lung is trilobate, the left bilobatc ; there is also alohulus 
azvgns. The Koala has the lungs similarly divided, and not 
siinple as in the Woml)at. In the ()))Ossnms, Dasyurcs, and 
Perameles the right Inng is usually trilobate (bllobate in Dulel- 
pht/s hraclnffirtf), and with ilie usual azygous appendage: the left 
lung is commonly <lividcd into two, but is sometimes entire, as in 
the Ptframrlcs and Dldcfiih, hracUyunK In all the marsupials the 
right lung is tlui largest, owing to the ohIi(|iic ineliiiatioii of 
the heart to the hd’t side. 

Tn the order Rndantia a tracheal structure, recalling the early 
divishm of the tube in lleptllcs, is present in the (Jape Jerboa 
(Ilelan^^): the windpipe is tlivided a little beyond the larynx 
into tweV: a median septum, as if the bronchi tlierc 

began, an^ ^'ere’co»tiriu(^<l, adhering, some way before diverging 
to the lungs. In the Coiini (Myopofamns) the extrapnlmonary 
broiiclii arc each oiie-lliird the length of the undivided trachea. 
The right linig has four lobes, the left three : the same division 
obtains in IJasyprocfa: in (\vl(H/enys tlie Iniigsliave been seen to 
1)0 ill more divided. In OryrterHS vaprnsis the left lung is un- 
divided, the right has four lolx's. In the Water Vole {Arvirola) 
the left lung has two lobes, the right four. In the Poreui)iuc the 
right lung has four lolx^s besides the azygous lobule. In the 
Hare the right lung has four lobes, the left two. 

The thoracic cavitv and the Inni^s are comparatively large in 
the ]\lo le: in tins Tiisectivorc, as in tJie lIodjTohotf and Slirows, 
Ihc right lung has four lobes, the left one lobe : in the (Jhryso- 
cliloro tlie left lunirhas two lobes. In true Hats ibe Innj^s arc 
birge, and with <mo or two shallow fissures: in Rtcropua the right 
hmg liii^; tlirec lobes, the lower one extending to tlie place of the 
azygons lobule: the left lung is bilobatc: in this genus, as in 
Oa/copIfJirrns, a few u])per rings of the trachea arc entire, fig. 460: 
the ends of tlie ^bt ones meet l)eliiud. 

lu Dnsypus Pcha the right lung has three lobes, the left two : 

li[. j» |> 
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in Dasi/pus G-ciiictus both lungs have three lobes : the azygous 
lobule is represented in all Ai*inadillos by a small process of the 
right lowest lobe. A repetition of a reptilian character of trachea 
is again manifested in the Lissence])haloiis group by the Ai, the 
wind{>ij)e being convoluted, as in the Crocodiles (vol. I. p. 5t^0). 
The trachea, fig. 449, a, goes along the right of the descending 

aorta to the diaphragm ; 
then abruptly bends upon 
itself, />, and returns ante- 
rior to the first part to c, 
and again l)ends down- 
ward and forward, a short 
way before dividing into 
the broiu'lii, of which the 
right is shown at A. The 
right lung, d, gives off a 
small azygous lid)e, the 
left lun^, (/, is undivided. 
1 n tlic ' [j nail ( /Iradi/pus 
didactplffs) tlie azygous lo- 
bule is almost obsolete, and 
l)oth lungs are uiulividcd. 

The chest and abdomen arc more nearly coextensive length- 
wise in Cetacea than in any other Mammals, and the lungs ex- 
tend far back : they are flattened, liroad, and pointed anteriorly ; 
not divided into lobes; their tissue is blgldy elastic, ‘ so as to 
squeeze out any air that may be thrown into lliem, and to bceonic 
almost at once a soli<l mass.’' The eartilaoinous rinu's of the 
trachea, at least near the termination of the tube, arc entire ; where 
not so the deficieney is at their fore part, and this is considerable 
in the upper tracheal rings, in JiaUenidee ; the windpipe is very 
short in all Cetacea; its width is great in proportion to its length, 
but not to tlie bulk of the lungs or of the body. The rings of 
the bronchi arc more rounded than flatteiuMl, and are continued 
to their extreme rainificalions. The ])nlmonary cells arc rela- 
tively smaller than in quadrupeds, ajid the extent and <legree 
of Iiitcrcommniiication of the non-ciliatc interca'llnhir }»assages 
arc such as that, ‘ by blowing into one biancli of the trachea, 
not only the j»art to which it immediately goes, l)ut the whole 
lungs are filled,’ *' (ireat force being required to expand the 
cliest in the dense', medium of sea- water, especially when it i^^ 
to be filled with the rarer atinos[»hcre, the ins[)iratory uius^ 
cles, and especially the diaphragm, are very strong. The yelknV 
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fibres of the elastic tissue arc abundant and conspicuous on 
the walls of the pulmonary air-cells in the Whales, as shown 
l)y V. dor Kolk, in BahV’^ 

noptcra, fig. 450, a, A; , - , . ^ 

ill which figure a portion 
of the inje<ited capillary 
wol) is represented at r. 

The elasticity of the 
lungs Avith the pressure 
on the surface of the 
body, makes ex piratioii 
very easy, and the cur- 
rent strong when force 
is exerted, as e. g., to 
clear the naso-palatine 
breathing passages, fij 
297,/, d: the jndmonary 
vapour so expelled mainly forms the ^spoilt’ of the Whale. 

In Sirenia the lungs resemble in sha[)e and position those of 
(lidouf, but are. loosely sus))ended at the 
l)jick part of an elongated thorax, defiiuMl 
l)y an oblique dlajdiragni from the abdo- 
iiuni. This resemblance is further exem- 
plified in the shortness of tlie trachea., 
the completeness of its cartilaginous 
rings, (he length of the bronchi, and the 
i^xtent to which their earlilages arc con- 
tinued into the substance of the lungs. 

These are convex on the dorsal asp(M't, 
thittened on the ojiposite surface along 
whi(*li the principal branches of the 
hronclii can be seen through the pleura 
])nlnioniilis. TTic fore end of each lung 
is thick and obtuse but narrow ; they 
soon become flattened ms they recede and 
broaden. In the Manatee their anterior 
or outer margin is erenately notidiod. 

There are hut tliree rings in the tra- 
chea of the Dugong, the first being the 
largest. The tube is somewhat flattened 
from before backward : 1 I'ound it, in a specimen 8 feet long, 5 
urches in (tircumf(;rencc and 1 inch in antero-posterior diameter. 
In older specimens the rings have been found bony. The carti- 
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lages of the branchial tubes arc continued spirally into one another, 
fig. 451 : the pulmonarv artery lies to tlie outer side of the bronchus 
and is df'cper s<‘ated, the ])ulmonary vein to the inner side atul 
superficial ly. The prlneapal branch of the bronchus, /y, iig. 452, 
runs down near the inner margin of the lung, and continues 
distinct to within four indies of tlie end; it then di\ides into 
smaller branches; the larger ramifications are given oft‘ from 
its outer siite, c, c. lii all tlie branches the cai’tihigiuous rinii-s 
coiitiuue dist inct and strong till their diameter is contracted to one 
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or two lilies: the rings passing irregularly into each other as in 
the main trunks, 44ie lining ni(mibraiH.‘ ot* the air-tubes is tlirowii 
into longitmlinal rugie, indicating tln*ir dilatability. Tlie sujmt- 
ficial air-(rdls, ib. y/, are six times larger than in the* Poriioise. I he 
‘ pleura costalis Ms dense in both Crtarfa and Sirauay as is the 
suliserous tissue of tin- ‘ jileiira. pulmonalis.’ 

In the Kiephant the riglit lung sends a lobubir jiroeoss, behind 
the th(jracjc jxistcava, into ilu* spa<‘e Ix'tween the heart and dia- 
jihragin, but both this and the left lung are undivided. I he 
traeliea has tliirty rings, many of whiidi are partially elidt. 

In the Ivhinoceros (Hh, ii/tfirns) the trachea, has thirty-one 
rings: they are <*los(‘--el, deft Ixhind, the cn<ls nueting: tin? 
lining nieinbraiie is longit ndinall v rugous, as is that of the liron- 
diial I’ainifications lor some wav into the lung. Ihidi Inng' 
divideti iiiio a small u}>per ami a large l«)wer l(>l)e ; the right lung 
also gi\'es off a transvcn'sdy ehmgat(al narn>w azygous lobuU? • 
the iipfier Jobe lias nmnerons deep marginal notdaiS. I»i 
Horse the tradiea has fifty-two jiosteriorly ineonijdete eartilagi- 
nous rings, the (uids of which are flattened, expandeeb over- 
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lap eacli other : tlic tracheal muscles arc attached to their inner 
:iiirrace at tlie ano;Ie wliere the free einls are hent inwards. The 
hint’s are, as in Hhinoreros^ eaidi sninewliat notched where they 
embrace the pericardium. The left lun^-, in the Tapir, has, b(?- 
sides the fissure ()])posite the base of the lieart, a second nearer 
the apt'x. The ri^lit lung is more definitely three-lobed, the 
lower one forming the* azygous process. The tracheal rings are 
thick and broa<l, as in the liliiiux'eros. 

In Sititho and iU\mrVul(V the left lung is rarely cleft so as to 
slioAV two lobes : the right is more commonly so, witli the ‘ lobulus 
ini])ar ’ as a process of the low(‘r lobe. In the Wart-Ilog 
awfueru.s') and Ilippnpohunns an upper lobe is distinguishable 
from a lower one, in the h‘ft lung, and the right shows three 
lobes, ht'sides the lobulus impar. In the Ruminants it is more 
common to find three lobes on the left side and lour, ineliuling 
the azygos one, on the right. The chief peenliarity of the rcsjvi- 
ratory system in the Rnminant group relates to the length of the 
iieek, with which tl;<e windpi[»e is made to agree by the number 
not the length of its rings : thus the Camel may have upwards 
of 100 rings, the (liraftb upwards of 90, the Idama 80, while the 
sliorter-neeked Musks have not more than 50 traelieal rings. In 
some Ruminants the right bronchus hifureates at its origin, and 
tlic left seems a third tube. The tracheal rings arc cleft poste- 
riorly, with the ends toiudiing or overlapping. 

In (!ertain pinnigradi! f the tracheal rings are entire for 

some way down the tulx^ and in the ehd’t rings the ends overlaj). 
Phoca viftiHiut lias n}»war<ls uf 70 rings. I found the left lung 
ill this Seal rather larger than the right, and both divided into 
two lobes ; Hunter noted three lobes on the lelt side ‘ united by 
a loose cellular texture.’* In the Ursine Plantigrados the left 
hmg has two lobes, the right three and the lobulus impar. The 
tracheal rings are thickest aiiteriorlv, thinning oft* to their edges 
at the posterior cleft : there is a slight alternate overlapping, or 
interlocking, both in successive rings, and at the fore and back 
parts of the same ring. 

The Ratcl, AVolveriue, and Can^ajou, agree with the Bears in 
the puhnonary divisions; the Mydaiis has three lobes to tlic Inng; 
iuul the lobulus impar of the right lung is large and notched. 
In the Otter the left lung has two lobes and the right four lobes 
including the lobulus impar: the ends of the cleft tracheal 
nags* are thinned oft* and overlap more closely than in terrestrial 
( arnivora. The tracheal tube is wdde in most of the order, the 
number of rings ranges from 40 to 60. In Digitigrades as a rule 
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tlie right lung has four lobes: in some (Lkm, Tiger, c. g.) the 
left has two lobes ; iu otliers (Dog, Ilyieria) three lobes. 

Ill C/iiromf/,s\ as in most Qnadnimana, the lobulus impar is 
supora(hloil to the three ordinary lobes of the right lung: the 
left lung is bilobed : all the lobes arc distinct from (?ach other 
throughout. The tracheal rings, 2(1 in munlicr in Vhiromys^ are 
cleft behind, with the ends in contact, but not overlapjring. Tin* 

bronchi have shown dilatn- 
tions in some Lcmurulw, 



CartihigO! o£ T.nrynx, Mini of flic iifirt o£ Uk 
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In a Lemur Mucaco and a 
Turalits the left lung was 
triloljod : as also in a Ihi- 
hoon, in wliich, as in other 
Catarhines, tlie lobulus liU' 
par is small: it is ro|)resent- 
0<1 as a process of the right 
lower lobe iu llj/lohatf.s. In 
a tSii/ua Satyr an 1 foiiiid 
both right and left lunir 
n ndi vided. ' 1 n Troffloduteii 
the right lungs has tliroe 
lobes, the left two lobes, 
as is the rule in the IJi- 
manous order. 

§ 355. lAirynx of Mam- 
malia. — The vocal organ 
appended to the res|iira- 
tory system in Mammals 
is a larynx answering to 
the up[)er one in Birds. 
It consists of cartilag(‘s, 
sometimes ossified, joined 
by ligaments, tbrming the 
framework of a tube or 
case {pixis cava, Anthro- 
jKitomy), lined by iniicoiis 
membrane, which may be 
produced into ‘ folds ’ and 
‘ sacs ’ and reflected over 


elastic, sclerous, and muscular fibres. The larynx communicates 
below (or behind) with the trachea, fig. 453, and above with 
the pharynx. Tlie chief pr constant cartilages are the ^ cric(»id. 
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ib. dy the thyroid, ib. A, iy the ‘ arytenoid,’ ib. a, and the epi- 
glottis, ib./.^ 

The more immediate impressors of ^ sonorous vibrations ’ upon 
the air transversing the larynx are the elastic fibres stretched 
between the arytenoid and 
tlie thyroid cartilages, thence 
termed ‘ chordie vocales,’ and 
‘ thyro-aryteiioiil ligaments ; ’ 
of which one is distinguished 
as the ^ upper,’ fig. 4o4, /,' the 
other as the ‘ lower vocal cord,’ 
ib. A. They intercept a space 
n, wlicro the lining membrane 
])ulges outward, and in ]\Ian 
backward, forming the ^ laryn- 
geal sac ’ or ‘ ventricle.’ In 
this section arc shown the hyo- 
epiglottic ligament /), the thy ro- 
hyoid ligaments c, the glosso- 
epiglottic ligament c, the crico- 
thyvidd ligament /’, ami its 
junction with tlic lateral crico- 
thyroid ligament at //, /, and 
wltli the base of the arytenoid 
cartilage at n\ 

With this Ijrief indication of 
tlio cliief parts of the larynx in 
Man, its comparative anatomy 
may he better followed. 

In the Monotremes tlie superior larynx presents some remark- 
able modifications in the Oi’nithorliyiichus. The thyroid cartilage, 
fig. 455, c, ill this animal is very liroad ; its middle 
part is prominent and acuminate: tlie lateral ahe are 455 
bony, and each of them divides, and sends one of the 
processes to the posterior part of the pharynx, ib., 
whore it becomes cartilaginous, and is confluent with 
the corresponding process of the opposite side. The 
cricoid cartilage, ib. d, is ossified at its middle ante- 
rior part. The arytenoid cartilages, ib. e, c, present 
the usual triangular form, and ai’c of large size. 

The epiglottis, ib. «, is broad, with an acuminate umrilvmiius? ’ 
and notched apex. ’ 

On slitting up the larynx posteriorly, and divancatiiig the 
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lliyroicl process,/, /*, fio;. 4o6, the siiptTior vocal cords are shown 
at b, by tlic inferior ones at r, v: tiuw are short, feeble, with a 
shallow linear interspace: a suicns, //, lies between the upper 
cord and the cricoid cartilage. , lioth sexes emit a feeble scpieak. 

The e])iglottis, in Marsinnals, is 
remarkable for its large size, and 
generally for its emarginate apex, 
'riicre is no ninscle passing from the 
epiglottis to the tongue; its base is 
connected in the Kangaroo by a tri- 
angular fascia to the body of the (w 
hyoides and the greater cornua ; and 
a small miiselo passes from the niiddh^ 
part ol' the body of the os hyoides to 
tlie dorsum lingme. in Didf-lphis 
Opossum the ei>iglottis, fig, -15d, f\ is 
entire, tlie thyroid, ii). «, short, antero- 
j>osterioiiy produced, and bil\ircatiiig 
into upper and lower cornua behind ; 
the cricoid, /;, c, is !)road behind ami 
notched below. In the Phalangers the 
epiglottis is broad and short, and with a l)ifid apex, in Fern- 
meles and Fhascopale the sides of the broad and short epiglottis 
arc attached to the^apices of the arytenoid cartilages, I’ctairfmg 

thus mueli of its early condition, which 
will 1)0 adverted to in the account of tin* 
peculiarities of the mammary fauns. In 
the Fern meles Inf/otls I found on the base 
of the tongue in front of the epiglottis a 
small sacenlns of mucous membrane, 
which communicated by a regular syni- 
nnUrical crescentic a[)erture situated 
between the body of the os hyoides and 
the thyroid cartilage, and was continued 
down in front of the thyroid (jartihigc: 
the surface T)f the cavity was smooth and lubricated, and it 
seemed to be for the purpose of facilitating a binge-like motion 
between the thyj oid cartilage and the body of the os liyoides. Tlie 
thyroid cartilage is convex externally and protuberant in tlie 
Phalangers ami Koala. The base of tiie arytenoid cartilages is 
broad in the antero-posterior direction. The chordaj vocal cs are 
re[)resented by short ami slight folds of the membrane, want- 
ing the ■ ligaments/ and not 'susceptible of being stretched, in 
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the Kiingaroos and Plialaiigers. The Opossums luive tlic lower 
liii'ament, ahove which is a small ‘ ventricle ’ : they can sciueak 
aial also ^ purr.’ As a rule the Marsupials have little or no voice: 
the \V()ml)at emits a ^'uttural liissinui^ sound : the Dnsyirnut Ur- 
sinus a snarlino; <»*ro\vl or wlune: the Thylacine is descril»ed as 
iilterinjj; a short guttural cry. I have never heard a vocal note of 
jiay kind from the Kangaroos, Potoroos, I’etaurists, Phaiangers, 
or Peramcles. Hen nett* states that the Kangaroo utters a moan 
when wounded and in pain. 

The voice of Rodents is shrill 
and monotonous : the cry of the 
\\ound(‘d Hare is loud and pite* 

01 IS. The ahc of the thyroid, fig. 

4.')S, i,aro ([uadrate, convex, and 
uiiiti'd at an ohtuse angle ; the 
posterior margins arc ohliquc 
and {)arallel. The cricoid, ih. d, is 
short or narrow anteriorly, leav- 
ing a wide s[)ace for the crico- 
thyroid ligament, ib. c. The 
arytenoids, ib. /?, arc rela- 
tively large, with (ported api- 
ces. 'fhe epiglottis, ib. is 
l)roa<l, with a bilid apex: at 
its base arc small eartilaginoiis styliform boilies, separated by a 
triangular space : a vertical groove divides the insertions of the 
S-honhe vocah's ’ from h to r, fig. 4o8. The inferior tubercles, 
c, c, give attachment to the up[)cr vocal cords; Avhlch they help 
to stretch, while they expand the ventricles, ami afford freer mo- 
tion to the lower vocal cords, d, d. In the Heaver the epiglottis 
is triangular, willi a vertical ra[)he on its posterior surface, termi- 
nating in a sac bordered by the vocal ligaments. There is a blind 
sac at the base of the epiglottis in Cmlorjeni/s Paca : in both Ro- 
dents tlio vocal coi'ds are short and little v'^alicnt, and the ‘ventri- 
cles’ are shall(>w: the voice is acute. In the Porcupines both 
the Vocal cords and ventrudos are wanting : they arc nuitc, save 
at the rut, when the male emits a low grunt. 

The hisectirora agree with other Jyjrnrephala in the low de- 
velopment of the vocal organ and power. In the Hedgehog, 
fig. 459, liesidcs tlie thyroid, cricoid, c, arytenoid, d, and e|)iglottal 
Ui cartilages, there is a triangular cartilage, J\ between the bases 
the arytenoids and the cricoid, called ‘ interarticular ’ in 
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ccxviii", p 34. At the apex of tlie arytenoids are the con- 
fluent ^ cartilap^es of Santorini,’ ib. h, Tlie cricoid, c, has a median 
longitudinal ridge behind. The vocal cords are short, and at- 
tached interiorly to the lobes of the base of the epiglottis, the 
lower chord is the strongest ; the ^ ventricle ’ is 
}>roduced into a sac between the e[)iglottis and 
hyoid. The Hedgehog’s squeak is seldom heard. 

The larynx of Shrews and Bats agrees in the 
main with tliat of the Hedgehog. In a large 
frugivorous bat (Pteropus) * the wings of tlio 
tliyroid coalesce anteriorly for a short extent: 
the cricoid, fig. 460, r, has the ])osterior longi- 
tudinal ridge: the cpigh^ttis is broad with an 
acute apex : besides the arytenoids and their 
apically eonfluent ^ Hanttn'iniaii cartilages,’ d, 
there are the 'sesamoid cartilages,’ Z>, and an ‘ intercellular carti- 
lage,’ J] narrower tlian in the hedgehog, and of an oblong I'onn. 
71ie inferior A’oeal cord is sharply prodneej, but is short and 
narrow: the ventricle is not dilated into a sac. 

In tlie Sloths the np[)cr vocal cord is obstdete; the lower one is 
well defined but short; the ventricle is shallow. The voice of 
the Ai [Ilraflf/ptfs tridficfjjlm) is feeble and 
^ plaintive; that of the (Hiohejms didactpluHy ca|)- 

? tive at the London Zoological (iardens, has 
, never been heard there. The Armadillos, also, 
j ajqiear to be hal)itually mute: only tlie lower 
vocal cord is manifest: the ventricle is obsolete: 
the epiglottis is deejily notched at the apex." In 
the great Anteater { Alj/rmerophafpi Juhnta) the 
tliyroid cartilage is ossified. The cricoid is car- 
tilaginous. The arytenoids are low olitnse irarti- 



lages. The loAvcr 'chordaj vocales’ extend from 
the arytenoids forward, the fold containing tliem 
expanding as they advance. There is a shallow fossa beneath 
this fold and a deeper one representing the ventricle above it. 
A small ' intcrarticular ’ fibro-cartilage supports an obtuse pro- 
minence near the hinder ends of the epiglottidean folds, which 
are contimicd back to the arytenoids. 

The larynx includes, in Cetacea^ the usual Mammalian carti- 
lages, much modified in shape and proportions. The thyroid in 


* Rctbrrr-d l>y Bnimlt to Pteropns Vnwjnrm, in ccxviii"; and by Bishop, who 
copies the figuro, to PhytioMoina fipecinm, (.ocxx, fig. 898. 
cxxvn" p. 141. 
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Batcmoptera is but little convex transversely ; the wings unite at 
an open angle ; the breadth much exceeds the length, but the 
lower angles are produced and continued down outside the cricoid : 
this is a thick cartilage, broad and Hat posteriorly, with a tldck 
upper margin and an irregular thinner lower one : it is incomplete 
at the fore-part, from which the lining membrane of the larynx 
]>rotnides and expands into a large sac(*ulus. In Phocama the 
thyroid, from the* great extension of the inferior cornua, seems 
consist of two semilunar (?ar- 
tiijigcs united at their anterior 
exl realities, 'fhe (‘ric.oid is 
incomplete at the fore part, 
but does not give pnssage to 
a laryngeal sac. Tlie aryte- 
noids, articnialcd to the cricoid 
by a broad base, arc of un- 
usual size and length, rising, 
in contact along, their mesial 
borders, and becoming in- 
closed with the long epigloitis 
by a sheath of the pharyngeal 
nmeons membrane, fig. 4(>1, Ij, 
so as to form therewith a long 
pyninvidal projection, with a 
slightly expanded apex, which 
is encircled, as it were 
grasped, by a spljinctcric dis- 
position of the muscles of the 
soft palate, il). c. Idic open- 
ing of the glottis (through 
which passes tlie bristle, in 
fig. Ifil) is transversely seini- 
Innar in Delphuii(l(V\ it is 
triradiate with the posterior cleft extending backward hetweeu 
the arytenoid a[)iccs in Bnl(pnid(e.. The epiglottis seems almost 
continuous, through its fibro-cartilaginous union, with the upper 
margin of the thyroid: it is elongated, and curved toward the 
arytenoids to which its lateral margins are attached, completing 
tlie apical third of the laryngeal tube in IMphinidce : in Balmiidai 
the epiglottis and arytenoids are relativelj^ shorter, and arc con- 
iu‘c-tcd togetlier by the membrane at their base, the apices being 
tiee and not expanded, as in Dfdphmidce. The bases of the 
arytenoids extend from the cricoid forward to the thyroiil, and 
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there arc no ‘ vocal cords^’ but botwooii them and the base of 
the epiglottis aio two lateral glancUilar f’ossie, rc])r(‘senting the 
^ ventricles there arc ininierous orifices of mucous follicles aloncf 
the fore part of the base of the larynx. 

The ext(?rual respiratory ajxn'tiirc, fig. 2i)7, /', answering to the 
nostrils of other ilammals, is single in all Cetacea^ save the 
AVlialcs (Balcvnidai)^ and is called the ‘ s[)Out-’ or ‘ blow-hole.’ 
^Vhere it is single it is a transverse slit; it is s\^ninetrieally situ- 
ated, crescentic with the horns turned forward, \\\ Dvipithnda* \ 
it is crescentic but oblique and to the left of the medial line in the 
small ( -achalot ( Eujdtf/sefes) ; it is similarly unsymmctrical, but of 
sigmoid vshape in the great Cachalot ( IVu/adrr). The two nostrils in 
the \s hale-tribe are longiludinal. In all Cflurm the ‘spout-hole’ 
is at the up[)er siirlace of the head, readily emerging for inspira- 
tion without unnecessary exposure of the animal. Fn the broad 
truncate muzzle of the great Cachalot it is advanced to near the 
anterior margin of that ])art: in other Crtacca it is mostly on^hc 
same transverse parallel as the eyes. The dire(;tion of tlie nasal 
passage is ac(*ordingly vi*rtical: and as the lining or defining 
membranes descend through the mass of adi|>ose tissue to the 
bony canal, the passage is dilated or produced into large irregu- 
larly plicated sinuses or sacculi, ib. c, c. The first, tt)W'ard the 
fiu’e part of the passage, is conne<‘ted with the formation of the 
anterior valvular ])rominence in JMidiitihUe, which fits into and 
closes the outer crescentic aperture, at the wHI of the animal: 
other imis(des serve to open and dilate the spout-hole. The great 
Cachalot, when gasping in the death-throes, opens it widely : in 
the ordinary state it will admit, in the AVhale, a man’s arm. 
Low’er dowm, in the Porpoise, larger lateral narial saccadi extend 
both forw'ard and backward : tlui pai'ietes of all these plicated ex- 
pansions are invested by a laym* of muscular fibres ; whereby tlie 
water that may get access to them by tlie blow' -bole, and to w hich 
they serve as (Uvertlcula, can !)c expelled along w'ith the cxjiired 
current of air. The numl>cr, size, and complexity of the narial 
sacculi vary in difTcrent genera: limiter remarks that ^ the Sper- 
maceti AV liale has the least of tliis structure,’* \n ]hdphini(loi 
the nasal meatus divides on entering the osseous part of the 
passage, whiidi is traversed by a medial prefrontal and vomerine 
^ septum narium,’ fig. 297, r/: bclow^this the passages again iiiter- 
comnumicate and recehc the swollen apex of the glottis. In the 
small Cachalot { Euphy sates') the bony narial septum exists, but 
tlie right meatus is so small that only the larger left one is tra- 

* xciv. p. 371. 
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ver^?c(l by the air-passaj^e ' : and hi the great CJaelialot it is this 
dis})n»|n>rtionately enveloped ^ bony nostril ’ wbicb is described as 
the ‘ .single canal ’ by Hunter.*^ In the BalcvnUUn the two narial 
canals arc continued from the blow-holes ; distinct from one 
another to the lower and hinder border of the Ixmy septum. In 
all Cctftcoa a dark })ignient is continued with the dense epithelial 
liinng of the narial passage's from the Idow-hole doivn to the bony 
tract, '^riie jdicnomenon described and figured as the ‘ S])OutIngof 
the IVhale ’ consists chiefly of the expired pulmonary vapour: it 
does not include water received into the jdiarynx from the moutli; 
but it may cMnitain that Avhich has been diverted from the nasal 
passage and accumulated in llu^ sacculi: and the appearance of a 
fountain may be enhanced by superincumbent sea-water ‘ lihnvn 
up’ in the violent act of expiration^ begun before the bl )w-lu)le 
itself had emerged. 

Similarity of structure can as little be predicated of the be- 
ginning of the air-passage as of the digestive and circulating sys- 
tems, in the lierbivorons and the earnivorous marine a])odal Mani- 
mals. The Ihigo'ng and Dolphin present opposite exirenios, e. g. 
in the develojanent oi‘ the e])iglotlis, Avhich can hardly be said to 
exist in SirciuaJ Tlie glottis is very small and T--^l'i4>cd^ the 
n])|)er transverse slit being creseentic, with the horns bent a 
little way outside the verlhad slit: the epiglottis is not long enough 
to close or cover this, l)ut makes an obtuse jwominenee in front 
ol’the glottis; the sides of the opening are formed by the niem- 
braiie covering the thin convex borders t>f the arytenoids. The 
cariilaginons wings of tlie thynud are not confluent, l)nt are joined 
anteriorly , for a short way, by sclerous tissue, and l)eIow this by 
membrane and areolar tissue: the mesial cleft bellow is continued 
on as a fissure to the upper ('left of the thyj’oid : each Aviug is an 
iiTcg'ular rhomboid, of wbicb the foremost end is the point of 
juuetion with its fclloAv, while the opposite angle is ])roduced into 
the ‘ inferior cornu,’ and is similarly connect(‘(l by sclerous fibres 
to a proininem'o on the »sideof the erieoid : the internu3diate angle 
on the posterior margin of the thyroid feebly represents the 
‘ sn|)(a’ior (?orim,’ which is connected to the thyrohyMl lyy ligament 
ineluding a nuclear ‘ cartilage of JMorgagui.’ The crietud is a 
larger cartilage, and forms a ('omplote ring; its broad posterior 
J^ui'faee offers three hmgitiulinal facets -om^ medial, narrow but 
ex[)anding above and below, and two lateral and broad: the lower 
border describes ibree straight lines: the upper border is very 
thmk, and })rescnts, on each side, an elli[)tical convex articular 

X-i.ix'. [). :>7, gl. la, tig. 1, of. ' ® cxvii". p. ;>o (isas). 
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surface for the ary tenoJfl : the anterior part of the cricoid is convex 
and notched above. Each arytenoid is an irregular three-sided 
pyramid, the inner surftice flat, the antcro-extcrnal surface convex, 
the postero-external surface concave, the base excavated to fit tlio 
cricoid articular tubercle, with which it is articulated by a synovial 
and fibrous capsule; the apex is compressed and extended in the 
antero-posterior direction, forming the convex lateral inargiTi of the 
gh)ttis. The short space between the arytenoid and thyi’oid car- 
tilages is traversed by a thick fasciculus of dense clastic fibres 
representing the lower vocal cord, and covered by the lining 
membrane of the larynx: there is a small pit between the ante- 
rior insertions of the ‘ chordae,’ but no other indication of sacciilus. 
The mneoiis membrane is. smooth for a short extent below its 
reflection and over the arytenoid a])icos, and then begins sud- 
denly to be disposed in rnimermis narrow jdica^ Avhich increase in 
breadth as they descend into the trachea : at the l)ack j>art of the 
larynx an? a few longitudinal riiga?. There is no triio cartilage 
in the epiglottis: the small ]»yrainidal ])rominence in front of the 
glottis includes yellowish and white fibrous tissue Avhi(‘h degene- 
i*atcs gradually into the areolar substance occupying the interalar 
thyroid space : the otlior parts of the laryngeal framework l>ave 
bony granules scattered through their gristly tissue. A • hyo- 
epiglottideus’ is ('ontiuued from the fore part of the epiglottis to tlie 
base of tlie tongue. The ^ arvtenoidei obliqui ’ and ‘ transversi’ 
are rcpreseiited by a single pair of muscles, which derive a broad 
and extensive origin from the posterior and exltu-nal ridges of the 
arytenoid cartilages, atid converge to be inserted into a small round 
cartilage in the jxjsterior interspace of the arytenoids. These 
muscles, tlirough the advantage alforded them by tliis middle 
fixed fiilci'um (which ought therefore to be regarded as their 
poii]t of origin), act with great j)Ower upon the arytenoid carti- 
lages, drawing them togetlier, and thus forcibly closing tlie nar- 
row glottis, ^i^hey arc directly ojiposed l)v strongly devclojx d 
^ thy reo-arytenoidei,’ which ]>ass <)l)li(|nely backward from the 
ir'tcrnal and interior part of each division of the thyroid cartilages 
to the posterior and outer part of the arytenoids, which they 
draw apart, and thus open the gk>ttis. The ‘ cric()-aryt(moid(*i ’ 
arise from the anterior border ol' tlie cricoid, and arc so insertc^l 
as to draw the arytcnoidei forward as wtvII as outward, Tlie 
‘ crico-thyroldei ’ cover the whole of the fore part of the cricoid 
cartilage. Tlic ‘ sterno-thyroidei ’ and ^ tliyreo-hyoidei ’ are ex- 
tremely powerful.* 


' Oxvir''. p. o2. 



LARYNX OF MAMMALIA. 


591 


In the Elephant the aUc of the thyroid are externally convex 
and unite anteriorly at an obtuse angle ; the upi)er cornua are 
short, the lower ones are notched anteriorly. The CTicoid ex- 
tends posteriorly over the first three tracheal rings. The aryte- 
noids are long : the lower vocal cord, is well-marked; the upper 
one indistinct. In the lihinoceros the wings of tlie thyroid carti- 
lage meet at a slightly obtuse angle : there is no notch at the 
u]>|)cr margin of the anterior median line ; l)ut there is a con- 
siderable triangular vacancy below, filled up by dense clastic and 
aponeurotic membrane, to which yielding w^alls of the larynx 
sonic of the fibres of the thyreo-arytenoidcl muscles adheie. The 
cri<'(»Id is nearly tliricc as deej) behind as in front, contributing 
to the extent of the cri(io-thyroid interspace. Tlic arytenoid car- 
tilages are relatively of large size: their base extends half-way 
fUToss the aperture of the larynx, and from tlie anterior extremi- 
ties of these produced bases, the upper and lower ‘ ehoixhe vocales ’ 
1 ‘xtcud forwar<l to the thyroid cartilage and base of the epiglottis. 
Only tli(^ anterior half, therefore, of the ‘ rimaglottidis ’ is bounded 
hy vibratile vocalising material, and the ordinary voice of the 
Jiliinur’cros is a feeble lileat like tliat of a calf. IJetwocu the 
upper and lower chordie vocales is tlic opening of a large sac- 
culiis hiryngis, which coininnnicatos anteriorly witli a crescentic 
fossa under the base of the epiglottis. A fold of memliraiie cx- 
lends <»u each side from a mnxW semilunar fibro-cartilnge at the 
inner and under side of the base of the ejiiglotlis, downward, iii- 
Avard, and forward to the anterior termination of the chorda; 
vocales: tlu‘se oblique folds form the inner or jiosterior walls of 
tlic anterior fosste of the saeeuli laryngis. The anterior or sujie- 
rior laliiaof the glottis form two broad, thick, slightly everted folds 
oi‘ niueoiis membrane. In the mass ot muscles attached to and 
passing b(;tween the arytenoid cartilages, there are developed 
about twelve tendons Avhich radiate to be inserted into a central 
sesamoid cartilage. The epiglottis is of a triangular figure, Avith 
the pointed apex (Uirved forward, and having strung glosso- 
epiglottidei muscles attaelied to it. 

In the Horse the wings of the thyroid meet at an acute angle, 
Icavimr a lartre interior notch : the back iiart of the thyroid forms 
an almost, acute anjrle Avith the cricoid: the cricoid has similar 
[iropiirtions to tliat in lihiuoci^ros ; it has been vertically cleft 
la.hind and the moieties divaricatc4, in fi{?. 402, i, i. I’lie aryte- 
noids, ih. /, /, have their bases deflected from each other, kcejiing 
patent tlie ‘ rima glottidis the ‘ cartilages of Santorini,’ ih. h, A, 
arc hook-shaped. The loiver vocal cords, ih. (/, //, are large and 
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prouiinejiit ; above tlioin Jirc the orifices, c, of the deep ‘ veiitn- 
eles’: tlie ii|)]»or cords are barely definable. The o])iglotlis 
ib. is a loiii^ish triani^lc Avith the apex entire and antvoverted 
the base inetlially cleft by the so-called ^ svdeus,’ ib. d ; and j)ro- 
diiced in(o two processes (‘cornua ’of Casserliis). Hetween tlio 
commissure of the lower cords,//,//, and tlie cjaglottis is an oval 
cavity, (\ above which is the ‘ seiniliinar ridge’ or ‘ meinl)rane,’ b. 

In the Ass, the wings the thyroid unite anteriorly at a 

rather obtuse angle: the cricoid 
resembles that of the Horse: it 
is similarly cleit and divarieattMj 
in fig. *l(id. d'ho crico-thyroid 
interspace is relatively less than 
in the Horse, ddie epiglottis, 
is a more (M|uila((‘ral triangle 
than in the Horse, with theaj>ex 



less acute: it Is perforated by two apertures, ib. r, c, lead! c.g* to 
two ‘ sacculi ’ continued upon ])art of the inner surface ol the 
thyroid. Hci ween the a[)ert.iires is the are/hed reecss, ib. />, n* 
which the lower vocal coi*ds, //, d, are iu.sci’ted ; these arising 
beliind from the bases of the arvtcnoids. 

mf , 

The voice of the horse under sexual or otlier pleasurable excite- 
nunit is due to movements: of the vocal cords through forcibly 
exjnred air, but with short intervals or interruptions of the curnmt, 
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prixlucing the shrill but tremulous or vibrutoi y si*ale of U()t(;s, 
siiikitig to its close, and called the ^ neigh.’ It is pecuiiiar to the 
group of ArV/w/r/r« with call()sities on both fore and hind legs and 
with flowing mane and tall; the species with callosities on the 
fore legs only, with stilf erect manes and naked terminally tufted 
tails» vibrate their vocal cords by currents of air in alternate 
opposite directions, produced by vigorous acts of ins[)irati()U and 
expiration, with the head and neck held in the [>(»sitlon jn which 
such <*urrents can l)est act upon the larynx ; the sounds so [)ro- 
(luced are termcil the ‘ bray in soine species the notes arc long- 
drawn out, e. g. the ass ; in others tliey are sliortencd to a kind 
of*- bark,’ as in the S. Alrican striped ass, called, on that account, 
‘ couakka’ or ‘ (juagga.’ 

'fhe thyroid of the Tapir is thicker than in tln^ llorsi* or Ass, 
and lies more in the plane of the trachea : the <*ri(*oi(l is less 
than in them, and has no tubercle on the back i)art. The 
arvteiu'ids resemble those of the Horse, l)nl are less hollowed 
hehiiid. A triangular fibroH'artilaginous mass represents the two 
cartilages of Santorini (fig. 4()2, /^, k, Ilnrst.*); a similar trian- 
gular (ibro-eartilage at tlie anterior 
holder of the arytenoid represimts 
theenneifonn cartilage, and is i‘on- 
timied at its ap<fx into the lowm- 
vocal eord ; this is well marked, 
siiar[), and jiuns its fellow at an 
acute angle ; the nj>])er viaad cord 
is very sliort, but d(dinal)le. Fhe 
‘ventrielc’ is jirolonged into a 
blind oval sac. resting upon the 
inner surface of (lie thyroid. From 
the anterior confinence (»f the Iow<*r 
cords a membranous fold ascends 
toward the epighiltis, and divid(*s 
into two semilunar folds which 
lH)inid small Ibllicnlar depressions. 

1'he epiglottis resejubles that of the 
Ass ; an opening at its base leads 



to a eurv(‘(l cavitj mi i*ach side. 

In Artiodactyics the wings of 
the thyroid unite at an acute 

^niglc. In the Hog thme are no iip^ier cornua : the ci icnid, fig. 

/; is broad aud thick behind, with a luboroiis process on each 
=^ide. The arytenoids, c, are unittMl at their apices by a ‘ santo- 
Vv)L. lit. u u 
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riliian cartilage;' Ixith upper, &, and lower, c, vocal cords are 
well defined, and directed oblifjuely downward to be inserted into 
tlie thyroid about onc-eiglith of its length from the lower margin. 
The ventritrle, commencing by the chink, d, is continued iipwanl 
into an oblong flattened sacculus, a. The range of voice is con- 
siderable, from the low grunt to the loud discordant squeal. 

in the Canu^l the wings of the thyroid meet at an almost riglit 
angle, apd unite along the mid part, leaving an upper and aji 
under notch. 'I'he upper cornu is represented by a slighlly 
])roininent tubercle; the lower cornu is more produced, over- 
laj)ping obli([uely the cricoid, and tied to a tubercle near its 1()W(M‘ 
border by sliort llgamoitoiis fibres. I'he cricoid is a tleep and 
thick anmdar cartilage; the vortical extent aiiterioiiy is about 

half of that behind : the upper border 
has an oval facet on each side for the 
arytenoids. The base of the arytcnioiil 
ilcvelopes an external, fig. 4f)o, d, and an 
internal process ; the body is lamelliforin, 
and cx|>ands above into a punctate sol’U'r 
cartilage which curves outward. Tlie 
e]>igIottis, ib. has a median rising or 
tubercle, A, on the Iiinder surflua} ; the 
lower cords, c, c, iVom the base (»f the 
arytenoids, are neatly defined, more linear 
in the Llama than in the Canud : the 
broad membraix^s, //, /y, continued from 
the anterior border of the arytenoids to 
the base of the epiglottis, rej>resent, by a 
slight thickening of their lower bonier, 
the upp(‘r cords ; a slit-like aperture be- 
tween tliese and the lower cords leads to 
moderately developed Yontrleles. The 
tliyroid cartilage is [)erforatcd by a lai’yngeal nerve and by a 
vessel. 

In the Ox the thyroid aho are sub-e<|inlatcral, and united at an 
obtuse angle; tlie iipixn* vocal cord is less marked than in the 
Camel ; the lower one is ratlier longer, and vibrates so as to 
j)ro(luee ihe Indlowing roar of the bull and the sonorous lowing 
of the cow. 

In the Kllv ( Ahes), the upper cornu of the thyroid, fig: 466, fU 
is much ]>roduce(l ; llie lower one is obsolete, and the rounde<l 
angle tluu'e is connected by ligament with the cricoid tubercle. 
The cricoid is short anteriorly, ib. and connected there by the 
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crico-thyroicl ligament^ ^/, crossing tlic wide space of that name, 
to the thyroid ; the cricoid iwS expanded hcliiiid and ihcncc pro« 
duc<'d downward, at r, so as to cross the live first traclieal rings. 
The n|>])er cord is not defined: the lower one is inserted into the 
middle of tlie I'ore-part of the thyroid. In tlie liein-deer a 
laryngeal sac protrndes helow the base of the epiglottis. 

The (Jiratfo is ninte,save at the sexual season. The larynx of 
the Deer, with the annexed vascular thyroid bodies, undergoes a 
|)eriodical development, at the season of the rut, in the male, 
which then utters notes characteristic of the species : in the lied- 
(leer it is termed ^ belling ' {qnani 
helh»wing): in the Fallow-de(‘r 



r;i*-.vii\ of ANo-. I.;i»yhx, I'r.-ii.-i .M:ilii.v;uius. i rtw. 


In tlie Bear the thyroid is convex, ihv. ahe meet at an obtuse 
‘logic, and unite along the u|>per half ol' their fore part, whicli 
developes a tubercle, fig. 4(57, a, to which the e[iiglottis is at- 
tached: the inferior cleft, ib. ft, almost extends thereto in L^rsus 
fu'rtos: the upjier cornua arc short, the lower ones, ih, //, are very 
long. The cricoid is almost divided by an anterior cleft, c, 
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and the lateral halves are connected chiefly hy ligament. The 
arytenoids, lig. 4G8, are rhomboid: between them at the hind 
part of the rima glottidis arc the sesamoid cartilages, ib. d, d, 
upon which a few muscular libres act. t!uneiform and Santorinian 

cartilages are also present. The lower 
vocal ligaments rise, as they advance, 



IxMimh glottidis. with nryfriioid :iiid 
stv-aiiioid r.urt ilagfs, I'rsus Mala* 


tnwjinl the upjKM* ones. The eiiii^lottis 
is bi'oatl, with an obtuse aj)ex. In tlio 
Biulger the hii'yngeul sacs are deep and 
bifid, OTIC portion extctuling to beneath 
the root of the t(nigiie, the other to be- 
tween the thyroid and cricoid cartilages. 
In the Otter the anterior eleft of tlie 


(.VC.VX, 


ericold, fig. 400, r, extends tt» near the 


np[)cr border: the lower or binder border of the thyroid, ib. />, is 
deeply emarginate: the middle of the upper border shows a 
rounded a|)e\, like a i>roeess ; the e[n’gIottis a is oval. 

In the Dog tlie ejuglottis i.s triangular, with a medial furrow at 
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the bavse : the ventnele.s an* deej): Santori- 
nian and cuneiform cartilages are presi‘nt,, 
superadded to the arytenoI<Is which enrv(*. 
away from each other. In tlie ('at tribe the 
upper vocal cords, fig. 470, r, are untisnally 
pnaninent, and by their vilnatioii <*anse the 
‘ jairring ’ sound : the lower vocal cords, ib. f/, 
aiHi sliorter and less prominent, and do not 
siij)]M»i’t any membranous appendages: the 
epiginttis, ib. A, i.s triangular with a subacute 
apex : in the Lion this is more olituse. The 
ventricles form a .sac between the vocal liga- 
ments. The larynx of the Lion differs from 
that of tlie Cat chiefly in its more free suspen- 
sion, allowing the strong vibrations of all the 


l>art.s producing the tio-rifie. roar. In the Cat the ujiper conimi 
of tlie tliyioid are closely <‘onneeted through the medium of the 


thy ro- and cerato-hyals, with the st ylohyals : in the Lion a long 


ligament intei’Vunes b<*twei‘n the stylo- and eerato-hyals. 

Ill th<* Aye-:i\ (j ( r 7//7v>/////,s) the thyrohl i.s like the prow of a 
boat, without keel, bi'ing laterally coiitraeted and pi'odneed: fhe 
cricoid is notched at the middle of its broad back part: the crico- 
thyroid interspace is muruw. The vocal cords are slender an<l 
w'cll defined ; between them and the epiglottis is a large and 
deep j)oueh, from whi<di ii meiliaii saeeulus is produ(*cd between 
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the of tlie thyroid juid the 1)a.sc of tlio An 

interartieular cartlhigc lies between the arytenokls. I found 
both tliose cartilages partly ossified and the cricoid confluent 

with the upper two tracheal rings. The 
'^70 laryngeal cartilages arc coinmojily more 



, ViTHral jjfrtinM t't i1m‘ hoail and iici’U, wiili tho expanded 

I/uynx of t ut. ctoxx. Ii.-isrilijal ai:d laonx, of Mycetes seiiieuini#. i.xix'. 


beyond the cricoid to be connected with the first tracheal ring : 
the crico-tliyroid intcrs|)ace is narrow, hut vertically wide : there 
are hoili saiiloriniau and cuneifonu cartilages. Tlu^ upper vocal 
cords are rather thick and attached forward to the root ot the 
epiglottis: tlie lower vocal cords are narrow, short, and attached 
to the thyroid: the ventricles are shallow, and arc confluent 
heneath the epiglottis. This rises higli and has its free border 
I'ounded and notched. The thyroid is prominent, with a median 
einargination above, in Lemur Mongoz: the back of the cricoid 
ridged below, and above this is excavated. The arytenoids are 
rather large and high, having the Santorinian bodies connected, 
but not confluent, with their apices. The vocal cords are well 

' cii'. p. 44, pi. 10, fig. 3. 
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defined, the upper ones arc broad ; above their C})iglottidean at- 
tachments tlrere is a widish sac ; tlic intcrcordal ventricles are 
moderate?. 

Ainoni; Platyrrhine Quadrinnana the larynx of Hap(th\ Calli^ 
thrix, and CdtNs retains the moderate proportions of tliat in Lemn^ 
rida^ : it is relatively larger in the Spider-monkeys {Atrhs) and 
attains, with the hyoid, an enormous size in the IIowlers'(il///cr^^>.s', 
fig. 471 ). In most tlu; upper border of the thyroid is cmarginate : 
but Afrles (trurlinoides and Ilapah: rosuliu are exceptions ; instead 
of' the notib there is a median ])rocess, and a small saccnlus pro- 
jects from the erlco-thyroid interspace : the Santorinian cartilages 
are (ronflnent at their a])ices, and distinct from the cnneifi)nn 
(‘artilages, in Cclnfn and Ilapah ; but both are fibrous rather 
than gristly : they appear as processes of the up])cr vocal cords. 
These are attached to the thyroid like the lower cords, which 
there rather overlap them : the ventricles are moderate: the riina 
glottidis is ordinarily wide and almost per|)endicular : the hasi- 
hyal is not excavated. In Ahhs the basihyal is quadrangidar 
and excavated; the Santorinian and cuneiform fxxlies coalesce 
with each other and with the epiglottis, of which they seem to he 
jwocesscs. In the Howler (d/yce^.?) the cricoid, though small in 
proportion to the rest of the larynx, is larg(;r than in other 
PlatyiThines and remarkably thick and powerful, especially 
bchijid : it is ossified, and impressed on each side, near the lower 
])OStcrior angle, by an articular cavity for the shoit obtuse low'cr 
liorn of the thyroid. This cartilage shows a still larger relative 
size, which is thrice that of the human thyroid: it makes a 
.strong anterior prominence, bulging out there to lodge a ]>air of 
sacculi continued from the fore part of the long intercordal cleft, 
or ventricle. The arytenoids are small, with their nneinato apie(‘s 
contiiined into a large fil)ro-cartilaginons mass, re])rc.senting vastly 
<leveloped and confliu'nt Santorinian ami (Mineiform cartilages, 
eonnecTing the arytenoids with the long sigmoid epiglottis, and 
ineliiding the scarcely distinguishable u|)per vocal crords. The 
low er ones are broad, but w^ell defined. From the fore part of the 
intercordal sjiace the pair of sacculi are <levclop(?d wdiich lino or 
occupy tlie thyroid hulla. The epiglottis is more than 4 inches in 
length arid 2 inches in breadth, with the sides l>ent down so as to 
form a kind of arch above the glottis. The ^ riina’ so covered 
consists of an anterior semilunar portion, from which a chink 
extends liackward, dilating into an oval aperture. Between the 
glottis and tlie arytenoid cartilages are the orifices of a pair of 
pou(dios, contiiined rather from the pharyngeal than the laryngeal 
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membrane, which extend forward and upward on each side of the 
ej)iglottis. From the upper part of the thyroid sacculi are conti- 
nued a pair of ‘ pyramidal oval ’ sacculi, wliich o(;cnpy the sides of 
the interspace between the epiglottis and the hyoid : and from 
the fore part of the thyroid sac is continued the neck of the large 
‘ infundibular sac,’ which ex{)ands to occupy and line the huge 
‘ bulla ’ or bony cave formed by the basihyal, and of w-hich the 
section is shown in fig. 471. 

Travellers in the forests of 
tropi(ral America testify 
to the astounding tones 
emitted by these far-heard 
‘ howling ’ Monkeys. 

In most Catarrhines the 
hasihyal is expanded and 
excavated for the reception 
of a laryngeal sacculus, but 
in a far inferior degree to 
that in Mycetes, In tlie 
Baboons a section of the 
basihyal is shown at />, fig. 

472.' to expose the sacculus, 
c, which is continued from 
helow the root of the epi- 
glottis ; from this jiouch the 
sacculi continued from the 
inten'ordal ventricles are 
distinct, Tlic hack part of 
tlie cricoid is traversed by 
a medial ridge. The upper 
and fore part of the thyroid, 
ib. rf, is proifuced, and supports the hyoid sac : tlie wings of the 
thyroid coalesee at an obtuse angle. The rn'ico-thyroid interspace, 
ib. /*, is wide. The arytenoids, ib. «, resemble those of Man: 
the Santorinian cartilages, therefrom continued, arc not eonfluent 
with each otlier apically, as in Platyrrhiiu^s. The cuneiform 
fihro-cartilages are continued from the upper voeal cords, arc 
large, and project from the aryteno-ei)iglottidoan folds: the free 
border of the epiglottis is obtuse, in some species einargiiiate. 
The upper vocal cords are bent; the lower ones are rather 
thick : above the convergence of the npjier cords is the longi- 
tudinal fissure leading to the hyoid sac. 

* This figure is takon from the preparation, No. 1173, xx. vol. ii. p. 1 10. (lR3t). 
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lu tlie greon Monkoy ( CercopUhccus sahcpns\ the structure of 
the larynx accords Avith that in Maracus ^ and Ci/nocrphfdm, In 
fig. 473, n shoAvs tlio expanded and excavated basiliyal, Avilh 
tlie attached thyiohyals ; in A, a is the ejnglottis, b the basihyal, 
c the livoid sac. d the thyroid cartilage, c IIac tracliea. 

Ao tailless Ape lias the medial ajiertiire and hyoid sac. In 
the (ribbons the larynx is relatively large, the vocal cords Avell 
defined, Avith <lcep intervening ventricles, from one of Avhich is 
continued the sac pr(»jecting into the thyro-hyoid space. If 
Mi/rrfrs h:is tliC loudcst cry, the (iihbons have the greatest range 
of notes; they alone, of hnito ^Mammals, inav be saitl to sing. J 
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heard, with astouishmeiit, the Wouwou {l/i/lnhtifes otjUis), captive 
at tlie Zouhiirical Gardens, emit the rising and fallinff scale of 
senntones, tliroughont the octave, A\diicli Martin has accnrately 
rendered in the mnsical notation given in ccxx". In the (Prangs 
the saceiili continued from the int<;rcordal ventricles pass out be- 
tween the thyroi 1 and hyoid, and in the adult males extend 
over the fore part of tlie neck and upjior part of the chest, 
being subdivided into several pouches, as in fig. 474, the lowest 
of Avhich may be <u*<)ssed by the pe<‘toralis major. In the young 
Chimpanzf>e ( 'rrof/lodi/hfs ni(jv.r)^ the laryngeal saccnli, fig. 475, 
(7, «, prodm^ed from tlie ventricles extend npAvard and outward, 
the hrft, ill the siiecimen dissected b}'^ me, being continued for- 


‘ XX. vol. H. p. 1 10, fig. J 1713 c. 
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wan], ib. below the baslliyal, il). h, wlnoli Avas slij^luly expanded 
and excavated for its reception. In the larger speedes of Tro- 
(flodtftes ( Tr. Gorilla)^ this saceidiis is developed in the adult 
male to the degree which it presents in Pif/ucus Satt/rua, Tlie 
roar of the inale (iorilla is loud, and may be heard far off in its 
native forests. 

In Man there is no such excess of develojanent of the laj*yngeal 
saeculi or other j)art of the vocal organ. The cords are long 
and Avell-defined, and all parts of the organ are in Avell-balaneed 
proportion. The chief elements 
of the vocal organ have been 
already defined and cxeni])lifi(‘d 
in figures and 4o4. The 

external innsoles of the larynx, 
viz., the ^ tliyro-hyoidei,’ ‘sferno- 
thyroidei,’ and ‘ crico-thyroidei,’ 
o|)erato (among otlior actiojis) in 
producing that* r,otation of the 
cricoid upon the thyroid Avhi(‘h 
(dfeets tliC important change in 
the angle of tlie vocal cords as 
it exists in ordinary breathing, 

Avhen they arc so iindined to each 
other as to have no vil)ratory 
niolion, to the position in which 
their surfaces lie in the same 
plane, and Avhen tlio breath ex- 
cites their vibration ; the ‘ thyro- 
aryteiioidei,’ fig. 477, d\ co- 
operate in putting the cords into 
this ])osition. The quality of the vihration (lei)endent ujxrn the 
degrees of tension of the vt)cal cords, and the vocal toiu's due to 
degrees of pateiKiy of the ‘ rima glottidis,' are mainly influenced 
hy muscles acting uj)on the cords, fig. 47t), c, c, through the 
medium of the arytenoid cartilages, />, //. If the left wing of 
the thyroid be removed, the folloAving muscles oj)erariug on the 
vocal cords through that medium may be demonstrated. To 
ea(ih arytenoid cartilage j)rocccds a pair of muscles; one, '■ thyro- 
arytenoideus,’ fig. 477, d, arises from the inner surface of the 
anterior part or angle of the tliyn)id ft: the superior fibres, 
d', pass horizontally backward .and outward to bo attached to 
the prominence on the outer side of the ai'vtenoid, /; these, 
sometimes distinguislied as the ‘ thyro-aryteiioideiis superior/ 
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t he removed 
tig. 476. The 
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e, arise from tlie back part of tlie cricoid, and are inscrtei 
into the outer and back part of . 

the base of tlie arytenoid. The 

^ crico-arytcnoidcus lateralis/ ib. ^ 

/*, arises from the u[)per and fore 

margin of the cricoid, and passes 

upward and backward to be in- 

sorted, with the thyro-arytenoid, 

//, into the outer basal })rominence, ^ 

/, fig. 477. 'L’lie lino c o, fig. 476, is “ 

the vertical projection of the crico- 

arytenoid articular axis. The ten- 

dencv of rand f to divaricate the ' 

arytenoids and open the glottis, 

is counteracted by muscular fibres WjiHmion of Human Inrynx.froin above. 

passing from one arytenoid to the <>xxiii 

other, and wliich have received the names of ^ arytenoidei ohli 


r)fj»Ht'ction of Human I.irynx, from above. 
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qiii’ and ^ ar. transversi.’ In fig. 478, the mucous membrane is 
removed to show the vocal cords, v, V, bounding the glottis: 
attached behind to the arytenoids at F, and in ])art to the 
thyroid at T. The ring of the cricoid cartilage is shown at x, 
0 , which can be rotated on its axis U, s, by the crico-arytenoidei 
])OStici, and the crico-arytenoidei laterales. 

In the louder tones of voic^c or song the vil)rations extend from 
the cords to the contiguous elastic tissues, and even to the thyro- 
arytenoid muscles, ib. k. In the deeper notes the cordKS are relaxed 
by di*awing the arytenoids toward the thyroid to the degree in 
whi(di the air-current can put them into vibi'ation, and according 
to the length of the cord that can be made to vibrate is the depth 
of the bass note. In the medium degree of tension, when the 
wrinkles of* the rima gh»ttidis are effaced, the ordinary tones of 
the voiec and the middle notes of its compass in singing arc pro- 
duced. The higher uoU^s dc]>ond on combined tenci«)n of the 
cords with narrowing of the glottis and strengthening of the cur- 
rents of air. The, vo(‘al cords in men are about one-tliird longer 
than in women and boys. Castration arrests that j^rominent 
growth of’ tlie thyroid, &c., which aceomi>anies the elongation of 
the cords.’ 

’ For tlio 1'nrth»‘*r and minor infliioncf-s of tlic various cond)inalions of tlin iictions 
of the foregoing ninselos on I he vwnl nn-rhnnisni, referenfe should he luade to (.’ccxx. 
('( xvii", tvxxi", coxxii'^ and (•spoeiHlly to ccxxni". 
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CHAPTER XXXIV. 

l UIXAKY SYSTEM OF MAMMALS. 

§ 356. Kitlnet/s of Mammal a. — These glaiitls (fijr. 422, r>, imd 
vol. ii, fig. 139, k) are oharaeterised, in tlie present class, hy 
being composed of* two kinds of substance difteritig in colour ; one 
‘cortical,’ higldy vascular, mu tli tortuous sct‘crning* tubes, fig, 479, 
c ; the other ‘ medullary,’ less vascular, Avith straight secerning 
tubes, ib. in. They are preceded, in the development of Mam- 
mals, as ofJVirds, by the temporary embryonal bodies, noticed and 
figured in vol. ii. p. 226, fig. 103 : but the persistent kidneys 
reach a higher grade of vstructiire, differentiated as abt)ve. Tiiey 
have a more comj)act and definite form than in birds, and their 
vascular sup[)ly is inore exclusively their own ; tlie uriniferons 
tubules converge toward the interior, and do not spread to the 
exterior, of tlie gland ; the ureter, moreover, is not directly (‘-on- 
tinued from them, but receives, hy a dilated beginning or pelvis, 
p, their terminations usually crowded upon a jiromineucc called 
‘mammilla.’ All mammals have the urinary bladder. 

In Li/enncpliala, Ufoamrephahi^ and most of the smaller s[)eciewS 
of Gj/rence))hala,i\Mi kidney offers its most simple mammalian con- 
dition, as exemplified in fig. 479. The 
cortical substance, of sof‘ter texture, 
and usually of a dull light-red colour, 
contains the malpighian bodies, fig. 
481, /w, c (vol. i. p. 538), and the re- 
flected tortuous beginnings of the uri- 
niferous tubes, ib. t ; the medullary 
substance is firmer, of less uniform 
colour, conical in form, dark red at the 
base, lighter-coloured toAvard the apex 
in many Mammals; it is devoid of mal- 
])ighian bodies, and is comj)osed chiefly 
of the uriniferons tubes continued from the cortical part in a 
straighter course, uniting as at y, s, t, fig. 480, on the dichoto- 
mous plan, and converging to open iijion the apex of the medul- 
lary cone. 

The membranous beginning of the ureter, reflected upon the 
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apex of tlie cone (where this projects), is called ^ calyx;’ its cou- 

Iractiiig continuation to form the duct is the 

‘ infundibulum the cavity of the gland which 

it lines, as at /;, Hg. 479, is the ^ jielvis ’ of the 

kidney; the fissure from which it (miergcs is 

the hilum.’ The renal artery, derived di- 

rectly from the aorta, fig. 422, d, ^/, divides 

into two or three branch(\s on entering the || j l(^| MJ 

hiluni, and, of the subdivisions of these in the yUNSnlfflr 

medullary substance, the two prineijml, in iillf 

iho Kangan.u), anastomose to form an arch ^ llil'iy fllfl) ’ 

over (he base of the cone, whence proceed ||ij ||| u 

the arterioles, tig. 481, to the cortiral sub- liljiii MjlS I 

stance. Here tlie terminal twigs, ih, /[ outer 

the malpighiau body, n/, t(t form the vascular 

hrush or tuft : the retiiruiug vessel, d, com- 

hines, with those from other tufts, c, c, to l! !j jUji 

f»rm the eajiillary ,])lexus, p, which surrounds r jj jf,|| 

the uriuiferous tvilie, f. The eninllarios unite t |) [ | 

to (brm venules, which on the surface of the Ij 1 1 

luunau kidney have a stelliforui disposition, ||j iJ ' ♦ 

and when congested give it a finely lohulatcd V , }/ 

app(*aran(’e. The veins from the centre of i; / 

efidi ‘star’ dip into tlu\ renal sulistanee, 

unite, and ultimately (‘merge at the ‘hilus’ 

antei'ior to or ventrad of tin* artery ; hut, in a 

lew Mammals, the V unite in an arliorescent -niii nuiinUMty tan* ..ikiU’ 

IH\\. \X\Vl. 

disposition {FaUs^ Uuanut) or form a network 
( /'*/o;<Yr) iipf)!! the surface of the kidney; in all, the venous trunk, 
lig. 418, /f, terminates in the postcaval, il). v. 

The nriniferons tnlmle commenees in Mam- , 

inals, as In lower Vertebrates (vol. ii. p. O.'hS, ^ f Jjlfe! f ^ ^ 

lig. 3 ;j 6), from tlie malpighiau (‘orpnsele, lig. 

481,?w, r, and ]Kisses toward the surface of 
the kidney, before l)eing reflected and con vo- !/ 

luted in the cortical substance. 'yl 

The chief modifications of the kidneys in 
Mannnalia arc seen in the shape or absence of ^ || 
the mammilla, and in tlieir composition by a 
‘'seeming innltiplicationof simple kidneys, eitlicv 
with or without a common (‘ortical enve lope, rinii nf rhf ri M-il nun'.it'.id 
fbc first of tbeso is presented by the Orni- 
thorliync.lius, tig. ;>()2, in which the tuhnii uriniferi termiuale 
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on the concave surface of a small and simple pelvis. The ureter, 
ib. c, c*, takes tlie usual course to the contracted neck of the 
bladder, ib. d ; but terminates, in the male, in the urogenital canal, 
below the vasa deierentia ; and, in the female, fig. 534, /, /, beyond 
the uterine orifice, //#, which thus intervenes between tlie ureter 
and the orifice of the urinary bladder. In all res[)ects, save the 
place of termination of the excretory ducts and their relation to 
the reservoir of the secretion, the urinary system of the Mono- 
tremes adheres closely to the Alammalian type : in the Echidna 
the mammilla slightly ])rojects. 'Hie circumstances in w hich tli<*y 
deviate from the higher Mammals a[>proximatc them to Reptiles ; 
and it is to be observed that the <lcviation commem^es where the 
urinary system begins to be connected w ith the generative organs, 
in wdiich the oviparous ty[)e of structure is especially mauifested. 

In the Marsupialia the tiihuli uriniferi terminate on a mammilla 
which ])rojects into the conimeuceinent of the ureter in the 
Opossums, hut doi‘S not extend beyond the jxdvls of the kidney 
in the Kangaroos. In the larger herbivoj'ons Marsupials the 
medullary substance forms several lateral abutments to the base 
of the cone. In Mavropus Parri/i the kidneys are sitiiatctl 
six^inelies above the brim of the jadvis, and lie iti the same 
transverse line : they liave the same relative; position in other 
Roephaga. In the Koala the right kidney is higher by its 
wdiole length than the left. In f)a>‘y tints ntacnirns and J), 
rinus the right kidney lies half an incli higher or in advance oi’ 
the left ; in this carnivorous genus a few bramdies of the renal 
veins arc diwstribiited upon the snrfact; of the kidney, but not 
in the same proportion or with the beautiful arboreseent dispo- 
sition eharaeteristlc of the kidneys of the Cats, Snricates, and 
Hyicna. In a Dasyarus weighing three pounds eight 

ounces, the two kidneys weighed thirteen draidims. In a 
lauyista vulpiua^ Aveighing live pounds three ounces, the two 
kidneys weighed only ten drachms. The ureters terminute, in 
all Marsupials, at the l)aek of the neck of a large and pendulous 
urinary bhuhler, fig. 422, L 

In llyrtu: rapc/ists the tul>uli uriniferi terminate in a ])roinI- 
nent and iminted mammilla; in all tlie large Peiissodaetyles, 
c. g. Morse, Rhinoceros, Tapir, they ojKUi upon tlie concave sur- 
face of the renal jielvis, and can he readily injected from the 
ureter. Injection of the arteries of the Horse’s kidney sliows 
the terminal branch, fig. 482, /, dilating wdthin the inalpighiaii 
coi'jmseic, d, and there dividing into lobes or groups of oapil- 
laiies, /, i; the returning^ or efferent vessel is showm at 
and the continuation of the uriniferous tubule at 3, t, from tlie 
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rapjjulo of tlie corpuscle, In the Rhinoceros the pelvis is re- 
])rcsented by two longitudinal canals which converge and unite 
to fonn the ureter, of which they may be said to be* tlie bcgiii- 
ning^’* 'f'he kidney is lobu- 
liited, or coin[)osed of nunicr- 
mis renules, eacli with its corti- 
cal and luedulhiry part, but the 
t ii bes o f t he 1 a 1 1 e !• u 1 1 i te a n d coi i- 
verge to open into the longitu- 
dinal, f/uffsi pelvic, canals with- 
out any valvular prominence/- 
The kidiu'v td* the Elephant 
diifers chiotly in the tennina- 
lion of the tnbuli ol‘ the lobes 
upon sligiit prf»min<Mic(‘s ; of 
rliese there is no appearance 
in the The tubular 

divisions oT tlie | ad vis arc 
shorter in the Zc^ira than in 
the Horse or Ass, where they 
are cuntinucMl nearer to the 
upper jind lower ends of the 
kidiu/vs. The ureters in these, 
as in the 'fapir, terminate as 
usual in tlie no(*k of the blad- 

, I, • /r H'0.* otM j.iiMlf ; Hoji-i', c.vxxvji. 

(l(*r. I»ut in conco- 

niitantlv witli an unusual l.en<;th of loins, tlie ureters dt) not 
reach so tar <lown, but open obihjuely into the back jiart of the 
‘ (jindns veshae.’ 

In the Ilog-tribo tlie kidney is simple; but the mammilla is 
somewhat extended at its free termimition. In the Chevrotains 
and othcrsmall ruminants the kidney is simple as iu Lisaciurpliala i 
but ill larger deer and antelopes the beginning of‘ a more complex 
structure is seen in the aggregation of the tuhuli uriniferi into 
several cones, distinct at their bases, but blending into a common 
elongate or ridge- like maiiuiiilla. This structure also obtains in 
the CamfUdcp, ; but iu the Bovuliv the cones are distinct, tcrini- 
iiate by mammilhe in tubular productions of tlie renal pelvis, and 
are associated with some lobes or divisions of the conical suli- 
^tance, such divisions sometimes including more than one cone. 

In the Dugong the tubuli terminate in a single pelvis by 
several lateral ridges ; but the exterior is undivided. In the 
Manatees, and in Hhjjliua^ according to Stcller, the kidney is 

‘ cxxxvH. \'\ p. 44. pi. 11, 2 aiul 3. 
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lobulatetl. In tliu Iiuiuaii kidney the tubuli are grouped into 
IVorii twelve to (ifteciiconioal bundles, the apices of which ])rojoct 



into a common pelvis ; but 
occasionally two (!ones 
combine to terminate by a 
common mammilla: in tijr. 
4815 are shown three cones, 
in section, with the rela- 
tive position thereto of the 
arterii's, and the veins, 
/>. In the fu'tiis the cor- 
tical part is subdivided 
like themedullary, hnt the 
clefts become o))lit(u*ated in 
the growth of the kidney. 

Qttadruinmui have a sin- 
gle mammilla; but in the 
larger kinds it is extended, 
and lhe*tiil)iill are partially 


grouped into buiullo near the c(»rtical substance. The kidney in 

the Suricate, Viverri- 



(he, Ilyamas, and Kc- 
lines is chiefly remark- 
al)lc lor the arborescent 
disposition of th(‘ veins 
on or near the surfac(‘ ; 
the mammilla is single, 
as it is., also, in tin: 
MusUdiddi^ Cnhl/la\ and 
Stdjff. raider. In l>cais, 
Seals, and Whales, tlie 
kidney is dividial into 
numerous lol)i‘S or rc- 
nulcs, in the Walrus 
amounting to three or 
lour hundn‘d,an<l in the 
Porj)oise, fig. 4’i7, to 
even a greater num- 
ber. Kacli reiiulc lias 
its own capsule, which 
is rcmovctl at n, 


I’orricii fj 


fig. 484 ; a section ot 


the J’cnulc shows It to be com]a)S(Ml of a cortical aJid mcdiillarv 
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>ubjstance, jI>. c ; tlie tubuli tcrmiiiiite at the ajiex of a inanimilla, 

vvlnoli j)r()jects into an infimdibiilum. The infundibula are pro- 
Ionised, and unite to ibrni the ureter whioli comes out at the medial 
and hinder surface of tlie kidney and enters tbc neck of the uri- 
nary Idadder. 

In most quadrupeds tliis reservoir is more ]>e!idulous, lias a 
imn’c (*()m])lete eoverino' of [leritoneum, iban in Man. Theobli(|ue 
valvular course of tlie ureters through its (;otits is (tommou to the 
Mammalian class. The monotremes are the sole exceptions ; in 
tlicm the ureters, tig. 485, /, 2 , do 
not terminate in the bladder, A, but 
in the urogenital <*anal, e, tlie ori- 
jice of the s|iermduct or oviduct, /w, 
intervening between that of the 
nretor and the bhulder. The urine 
iiiav dribble out with the tieces, or 
nniv jiass by a n'trograde eoursci 
into the bladder ; l>ut, in either 
case, it is ex[)(?lled per rloarmn not 
prr vrffhrtnn : the ])(‘nis in the 
male subserving the (*onveyanc<! of 
the. semen only. In all other 
mainnials both urine and semen arc 
carried out by the urethral canal 
in the male; ami, in some DtSf'rtiront (Shrews, Moles) and Qiutd^ 
nnunnn ( Sh>w I^enuirs), the elibiris in the iemale is similarly tra- 
versed hy a canal, wliieh here, liowev(‘r, is exclusively for the 
urine. The vaginal orifice intervenes between the prominent and 
perfoi-ate <*litoris, figs. 485, 54(), c, and the anus. 
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CHAPTER XXXV. 


TFGU3IK\TAUV SYSTIO^f AND ArPKNDAGKS OF :^r A >\l M A T.IA. 

§ .H.57. /)<v7rt. - The iiiiiin constituent of tlie skin of INIannnals 
consists of an intcrlaeein(‘nt of iihros of the nhite or sclerous 
kind, tig. 48t), /’, contimious ^vith those of the subjacent areolar 
tissue, /, but more or less abruptly defining a firm sheet of strong 
and tough fasciculate framework inv(‘sting the l)o(!y r the looser 
central or initial texture, /, includes, in its larger meshes, fat, 
sweat-glands, //, bulbs of hair, of bristles, or of spines, with seba- 
ceous follicles, ac(‘ording to the species; it is traversal l>y the 
nerves of tlie sensitive or tactile jiapilhe, r/. In; sweat-dnets and by 
arteries, veins, atid absorbents: it is covered by the ei)iderm, c, 
With the sclerous fibres of the derm are blende<l a varying ])ro- 
portion of the yellow elasti(* fibres, and of unsiriped muscular 
tissue, especially in relation to the roots of the hairs or spin(‘s. 

The texture of the derm is firmest at its periphery, where iis 
siirfaee is best defined: its thi(*kness varies in relation to the 
bulk of (lie species and to other circninstances ; it is such, (*.g., in 
certain Perisvsodactyles and the Hippopotamus, as to have suggested 
the name of ‘ Paehyderin ' for an artifieial group of ITigulates in 
the Ciivierian svstem. In the full-grown (iiraffe tlie eorliini 
hardly exceeds half an ineli in thickness at any ]»art : in the 
Indian Rhino(*eros, of alioiit the same weight, the average thick- 
ness of the derm is between tw'o and three indies : it is thinner 
on the less exposed surfaces and at the bending of the joints. In 
tlic largo specimen which I dissected the integument on the 
middle line of the abdomen presented a general thiekness of three- 
tVinrths of an inch; on the inner side of the extremiliewS, it was 
about one-fourth of an inch in thickness. It was connected to 
tlie abdominal |>arietes by a loose cellular tissue, and by a closer 
one to most of tlie other parts of the body ; but the parts to 
Avhich the stiff and ponderous liidc most firrnlv adhered were tlic 
spinous ]>ro(*esses of tlie [losterior lumbar and sacral vertehrav, 
and the anterior extremities of the iliac bones, at which jdaccs 
the corinm w'as blended with the periosteum, and was thin. 
The derm adhered fiver the jugal bones to a kind of movable 
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jil)ro-cartilagc ; but its attacbmeut along the median line of the 
fore i)Mrt of the head was so firm as to require, es|)ccially beneath 
the liorn, the use of a eliiscl in order to sc[)arate it froiii the skull. 

Besides its attacliment to siibeutaneous cellular substance, Fascdie, 
elastic tissue, fibro-cartilagos, and jieriosteum, the derm is con- 
iKctedwith parts which arc destined for its motions and a<liiistmcnt 
iip(ai tlio body. The ‘ panniculus earnosus ' of tlu^ llhinoceros is 
developed in certain j>arts to an extraordinary thickness ; t)ie 
permanent folds in the hide of the Indian s])ecies serving to afford, 
like the processes of l>one, a firmer insertion to the aponeuroses 
of the cutaneous muscles than a [>lanc surface of integument could 
have done, A sheet of these muscles situated on each side of the 
fhoracic or s(*aj)ula.r region sends its fascia into tin* interstice of 
tlie fold in front of the anterior extremities, the skin being bent 
upon itsell’, as it were, to grasp this fascia. Similar portions of 
pMnni<*uliis caniosns send their aponeuroses into tlie posterior 
fol<1s of the skin. 

d1ie derm, in f is a somewhat gradual condensation of 

the close li’orons reticulation in the areoim of whieli the oil is con- 
tained; the thickness of such suheutaueous tissue, cjdlcd ‘ lilubbcr,’ 
i)eing enormous in the large Whales: it is wanting at the fins, 
and here tin; derm is closely connected with the s(*leroiis tissue 
covering the liony framework of the jiec'torals, and eontriliiitiiig 
mainly to Ibrin the dorsal and caudal fins: in tlu^ latter the sub- 
dennal fibres become assorted into three layers, the ujiper and 
under ones being longitudinal, the intermediate layer transverse, 
and the texture of the whole so compact that tlie traversing veins 
as \vt*ll as th(^ arteries preserve their o]>eu state when cut across. 
The lino lengthened jiapilhe or villi iVoin tlie peripliorv of the 
dt'nn arc uotiec<l at p. 1S8. 

(‘ertaiii /iV/i^Z/v/Z/V/eoutrast with the Pachyderms in the thinness 
and la(H‘ru))Ility of tluar derm, resembling birds in that res])Oct. 
Anofluu* Lissencephalous family reproduces a crocodilian cha- 
racter, in the developmcnit of osseous scutes upon the jioripberal 
t>art of the derm (vol. ii. [). .’fOd, fig. 2f)l), These scutes are 
^mall, mostly cpiadrilateral, and suturally united so as to form 
diree principal groups; one protecting the trunk like an arched 
roof, a second forming a flatter shield or helm upon the head, tlio 
diird encasing the tail, like a sheath, in most existing Armadillos 
^he tnink-armour consists of an anterior thora(‘ie hucklor in which 
die ossicles form a kind of mosaic work ; a middle annular’ part 

which they are disposed in transverse scries movable upon 
'"leh other; and a iiostcrior lumbar buckler, like the thoracic 

R R 2 
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one; by this modification of the dermal jdates the little animal 
is enabled to roll itself into a ball, and protect its saiout and 
lcj 2 ;s beneath the Irnnk-arnioiir. In the large extinct Armadillos 
{Glt/f)to(lou) the annnlar or banded modification of the armour 
Avas not present; and the whole of the dermal scutes of the trunk 
Averc united into one massive domed roof; the marginal scutes 
being generally triangular, the rest more or less regularly hexa- 
gonal. The inner surface of the scutes, imbedded in the derm, 
is smooth ; llie outer surface coated Avith e])idenn is sculptured 
in a definite pattern, distinct for eacli species and characteristic 
thereof. The dermal platt‘s of the eaiulal sheath in certain kinds 
of GJtfiitodon fornuMl annnlar series of large conical tnherclcs : 
the first ring, in all, was distinct from the rest of the caudal 
sheath, to facilitate th(‘ mov<uucnts of the tail. 

In the Pangolins ( JA/zz/.s) the exterior of the derm is gr(»ov(Ml, 
as in liizanis, for the lodgment of the bases of the largi? horny 
Hades, Avlih’h protect the body and tail by their imbricated ovcm*- 
lapping arrangement (A<d. ii. fig. loS). dVie muscular tissmt 
outers in greater |>roporti(»n than usual ijdo the composition of tlu^ 
<]cnu of tliis Mammal, in conneetiou Avith the ibiedv ‘ pafini^ailii'! 
caruosus,’ ami in relation to the erection of the scales, wlien the in- 
teginnent is drawn d(‘fensiv<dy about the uprollcd trunk aiul tall. 

ib*oductions or dnj>lications of the <l('rm, with ineduded muscles, 
frc., f(»rm the pccidlar mammalian oral appendages (‘ailed ‘ lips: ' 
an evert<‘d tbhl of skin forms the ‘ serotnm:’ an inverted fold 
the rnarsnpinm and the ch(‘ck-pouch (|). ‘hS(5, fig, ;p)0) : tlic 
derm is exIeiuhMl hetAveen the digits to form tin?. ^ Aveh ’ in m(»t 
aquatic ((uadrujK'ds, and also beyond the digits to augment lli*- 
swimming surface? in tin; Oruitborbyindjus : a duplicaiiin; o( 
intt'gumcnl forms the ‘dewlap’ in c(?rt;iiu liovincs: it forms a 
broad fold on each side, continued from tin? fori* to the hind 
limhs t(» ibriu tin* parachute?, iu the Petaurists, Pt(*romyds 
( \'<d. ii. fig. loO), ami Flying Dormice {Anoindhirits): in tin? 
(a»big<»s ( the dertnal fold oxpajids from tin? na|)(‘ 
to the? Ibre-fcct, from these t<» the hiiid-fect, ami thence? to tin* tip 
of the tail, forming a triangular ‘ interfcinoral ’ fla[>. .Hut tin? 
most extraordinary developments of derm are presented hy tin? 
Hat ti'ihe ( vol. ii. p. 278, fig. loti ) : the ‘ anlihracdiial fold ’ cross(*.s 
flu? deep intcrs]»aee b(*t\v(?on the hiimerns and radius ; the? ‘ digital 
fold,’ Avliich mainly forms the Aving, occnj)ies the inters[)ace\s ol 
the? long and atlonuate?d digits; the ‘ flunk-folds ’ extend from the? 
fifth digit to the tarsus the? ‘ iiiteiiemoral fold ’ passes from h*g 
to leg, iutcrceptiiig more or less of the tail. 
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The win}j[-mcnil)rane is soiaetiines fiirtlicr develcjped, so as to 
l>o disposed at one ]>art iu the form of a poueh, as in the genius of 
Ihit tlienec called Sarropirn/x, in whicli llic poueJi is plicated, 
and its linear orifice is near the head of the humerus. The 
delicate organisation of tliese modiliealions of the derm has been 
noted at p. 18li; and, as regards its vascular striictnre, at [)p. 511) 
mid The eonehal or anrieular produelions of tlie derm are 

considerable in all liats : the two outer ears arc confluent, or united 
hy a transverse fold of skin, (‘.rossing the forehead, in Npvlrria 
and Mv(ja(hrma\ in these and many other genera, e.g. lilmKH 
imma, Jiliinoloplitis, Pht/Uostonut^ the nose, also, is furnished with 
a, (‘rest or with foliaeeous hunelhc. 

The sn(]()rifcn>ns ()r sweat-glands, fig, dSb, /, consist of a fine 
secerning tuhuh*, c )iled up into a ball, and situated at the under 
surface of the derm or in the suhciitaneons 
lissnc, A: the duct trav(‘rses the derm, at lirst 
in a, wavy course, tj, becoming straigliter in the 
(l(‘)is(‘r pcrijilieral part, and spiral as it passes 
tlirougli the epiderm, A, to torinlnatc at the 
swcat-j)oro. 'fhe sehaccoiis glands relate chii'fly 
to till! hairs, and mostly oiieii into the hair- 
slu‘ath or follicle, fig. 487, h. The movements 
(‘I'the derm are due citlier to intrinsic or ex- 
trinsic muscles : the former, ib, //, wliiidi are 
sniootli as a rule, produce the shrinking called 
‘ cutis anserina,’ on account of the protrusion 
orihe hair-sheaths, and the dcjiression of the 
intervening [lart of the skin; tin* extrinsic 
muscles, which liave striped fibres, move more 
or less of the integument, as when cattle after 
a sliowin*, or a dog (initting the water, shake 
oif the inoistnro, or when a fly or other irritant is sought to be 
dishulixed. 

§ ‘lo8. Epiderm . — Upon the papilh^so surface of the derm, in 
die embryo, albinninoid atoms in the solution exuding therefrom 
f(u-inify as cells, and between the outermost of these, condensed 
and (Iriiul by exiiosnre after birth, anil the derm, formifaction con- 
tinues, throughout life, loprodu(*,ea precipitate of cells. These, at 
hrst, arc iicrjiondicular to the derm, in one or more strata ; then, as 
they arc pushed off hy newly formed cells, they assume a more 
niunded shape, lose their soft granular contents, afterwards their 
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firmer nuclei, and, finally, become pressed into dry hard strains at 
tlie periphery of the opidcrni. Many of tlie deepest-seated and 
first-formed cells contain coloured partudes or pigment, consti- 
tuting the ‘ rete inucosum,’ or ‘ malpighian layer,’ fig. 484, d. 
This pigment, combined Avith the cells constituting the hairs or 
spines, gives the characteristic colour of the quadruped, and 
seems to afFe(*t the tlenn itself. It rarely manifests, in Mam- 
nials, the bright and pure colours noticed in the skin of Birds 
(p. 231, vol. ii. ); hut to the fac!c of certain baboons it iiiay 
give a nnl, blue, (»r violet tint. In qiiadru]>eds Avith clreinn- 
seribed [jatches of black hair a deposition of dark [jiginenium 
may l)c traced in the (‘oriiun above the sheaths Avheuee the blaek 
hairs grow. The darker-coloured skin and hair is, as a rule in 
INIammals, on the upper or more exposed surface of the body, 
and the lighter-eoloured pelt is below. But in the Katel and 
Skunk the onlijiary arrangement of colours is reverstal, th(‘ back 
being light and the ludly dark: the white I>ands of hair in the 
Skunk are associated with a corrcs[)onding c<jloiir of the coriiim, 
and arc seen on the inner side of the dried jadt. In tlie human 
subject the amount and colour of the subcutieidar pigmeutal 
cells relate, but not absointoly as regards existing enutirnuUs and 
j)Coples, to tlie degree of solar influence to wliich the skin is e\- 
pOvSed. A fair complexiou and light hair do not characterise any 
race iudig<mous to trojiical and warmer tomjierate latitudes, hut 
are limited to cooler tein|)orate and cold climes, Avhieh, from the 
present excess ol* dry laud in tliat hemisphere, are northern or 
arctic. The eoutiueut of Kuropc, if the complexions of its [)eoj)h‘s 
be eomjiared from Scandinavia to the MiMliierramjan, exemplifies 
the progressive deepening of the tints of skin, hair, and eves, as 
tlie sun exerts more power. But the Asiatic part of the ‘ Old 
World’ shows this relation in a. minor dej^ree. ddie alioriii’ines 
of Xortheru Asia to Kamts(diutka are, like the, Jajuinese, of a 
brownisli-yellnw complexion ; the same prevails through all the 
iatitudos of the vast ( hiiiese ICmpire; but the southern extensions 
of that jjcople into (./ochin-China, Siam, and Burma, do show a 
dec]>er brown. The Hindoos retain the same almost black tint over 
a range of tAvent v-six degrees of latitude and twenty-four degrees 
of longitude : but these are tro|>ic:d, or nearly so. The Malays of 
the Indian Archipelago [vreserve the same deep brown tint over 
eighteeii degrees of latitude, reckoned from tlie c(|uator nortb- 
Avard; attd the tint would seem still to relate to such excess of 
hifluenee ; although the SAvay of other causes is exemplified 
by Mincopies, Cingalese, and Hindoos, under similar 
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influences. Still more strikingly is this shown by the blackness of 
the Mehiniau aborigines of New Guinea, Australia, and Tas- 
mania, retained from the sixth to the forty-third degree of south 
latitude; and especially of those of the outlying islands in ])rox- 
iinity with others inhabited by the olive-brown Polynesians, whose 
eoinplexion prevails from hit. 12° S. to 46° S. (New Zealand). 
J>nt the most instructive example of the closer rclationsliip of 
tint to )*ace than to climate is aftbrded by the aborigines of the 
New AVorld, which hold nearly the same de[)th of copj)cr“brown 
or reddish tint, latitudinally from Tierra del Fiiego to Hudson’s 
Ihiy, and longitudinally from the Atlantic to the Pacific. The 
contrast between the South Aineih^an Indians and the African 
Negroes would seem to be decisive against the Iiypothcsis of 
decrees of solar influence beinir the causes of dei:rees of darkness 
of com})! exion. 

Ihit there is an element in the prf>blem which ought to be 
taken into consirleration, viz. ‘time.’ If Africa be an older con- 
tinent than South, America, its aborigines may have been sub- 
jected to solar influences through a longer series of generations. 
AVe know not the extent of such series; some may deem that 
Mere the intertro[)ical South Ain<‘rican Indians subject to a 
vertical sun during the long ages of Africa’s emersion, they would 
acr|uirc a darker com])lexion. 

CMimate, however, dejicnds on other influences than sunshine. 
Degrees of moisture, and ivhatever influences cause a contrast or 
gi‘a<lation of seasons, &c., may have tlieir effects n|x>ii com- 
plexion. Filtliy lialdts, foul air, and bad foo<l, aiVecting biliary 
and other secretions, have their share in darkening the skins or 
sallowing the coin|)lexions of the Escpiimaux, Fins, and Laj)s, 
c‘.g. as comjiared with the cleanlier and more healthily living and 
Ixittcr nourished Scandinavians residing sonic degrees further 
from tlie ])ole. Jliit assuming, as the general r(!siiU of the above 
survey of human complexions, that sueli eomplexions do, in the 
main, show a certain dc'pendent relationship oii solar light and 
heat, and postulating the effeet of long ])erit)ds of such subjec- 
tion, wc might then lie led to conclude the darkest of the 
interlropical and warm temperate peoples to be the oldest; that 
the Melania;ns, scattered on islands to the east of the Indian 
Gcoan, inhabit relies of a continent as old as, perhaps older tlian, 
Africa ; and that the lighter-tinted races on intercalated or 
contiguous portions of dry land are subsequent immigrations 
or derivatives from lands less atfocted by aolar influences. On 
this hypothesis it may be inferred that the dccjiest-tlntetl races 
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existing in llio islands nf the IVIalayan Archipelago arc tlic ohlest 
inhabitants of sneli— those most entitled to bo tcrinod aborigine's. 
The Hindoos, by the same pigmental test, would be deemed ohh r 
than the l?arseo or ^lahomotan natives of Ilindostan, as history, 
indeed, testiiics. In extra-tro|)ical latitudes, human generations 
may have sneeei'ded caeli other tor the same duration of time as 
in tropical ones, without further deepening or dcvelojmient of 
j)igment than sncli diminishing iiiHuenco of the sim may etlecl, 
Snell peoples, migrating to tropical countries, may long maintain 
their inlierited (•omph'xioii.s ; just as the bla<*k races migrating to 
extra-tropical latirndes long retain the tint inherited Irom fore- 
lathers iii whom it has been established primarily by tbe rcfjnisilt' 
continmuieo of exposure to extreme solar heat and liglit. 

§ ( V////;.sv7/c.s*. - 'file epiderm, besides forming the firm an<l 

more or h‘ss insensible outer )>rotection of the derm, acijiiin'S un- 
nsnal thickness at cei tain parts in ilifibrent mammals. It forms 
callosities over tlie sternum of the (’amel and Dnnncdai v, and 
upon the parts of tin* joints (rar|>al and rotuhir) on whicli thesf* 
ns(*fnl beasts of burden kneel. It <l(dends tbc l)n»ad back of the 
ponnhimale plialanges of the lingers of tlie kimckle-walklng 
Apes, the is<*hial tnlieroslties of most lower (hitarlnnes, and tin* 
preliensile surface of the tail in many Platyrhiiies. 

Ill the Kifnidd lln.'re an? callosities on the inner surface of tlie 
limbs, which, however, are more dermal than ejiidermab In the 
Horse, on tin* inner side of the fore-leg, a little above the eaipns 
(‘ fore-knee’ Hippotcany ), and on the inner side of the hind-hg\ 
a little l>elow' the ‘tarsus’ (hoek-joint, llipjiotomy), is a naked 
protuberance of a soft horny consistence, about tin* .si/.e (>f a 
chestnut, and called ‘ chataigne ’ l>y the French veterinarians, 
llehind the mctacarpo-jihalangeal joint is a similar but smaller 
horny tubercle, called the '* ergot,’ or spin*. The Ass has not the 
‘ chutaigne’ on tlie liind-le"; but there is the vestijre of one on 
the fore-leg, situated there as iii the Horse; it consists of a 
jiutch of l)lack skin devoid of hair, but not horny. There is a 
similar tra(*e of the sjuir (ergot) behind the me1acarfM>- arul 
metatarso-]»haIaiigcal joints. The Zebra resembles the Ass in 
these respects; tlie liomologue of the f()re-l(?g callosity is a 
patch of black naked skin about inches long and 3 in(‘hcs 
broad ; the callosities !)ehiiKl themetucarpo-turso-pbalangeal joints 
are like those of tlie As.s. 

§ 360. lldir, — The entanooiis eJothing characteristic of the 
Mammalian class is ‘liuir.’ It consists of unliranched filaments 
of epidermal material, usually composed of ‘pitli’ and ‘crust,’ 
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jiM(l in Avhicli avo distinjifnifthcil tho M’oot,’ llic ^stom/ and the 
‘ point.’ 

The root is solYor and liglitcr in colour tl>an llic stcan,^ is con- 
tained in a canal of the skin o" *sheath, fig. 487, c, and expands at 
the implanted end into the ^ knob.’ This part during tlie growth 
oi' the liair has a conical cavity inclosing the ‘ hull)/ ih. /* which 
forms the ^ ])ith;’ from its base there is reflected ii])on the ‘ knob’ 
a capsular layer of cells which forms the ‘ crust ; ’ this layer is con- 
tinued to near the outlet of the sheath ; 

It consists of two or more layers of* 
cells, the outermost of wlii<‘.h have 
g(‘n(‘rally lost their ‘ nuclei.’ Th(» 

])ro[K‘r tunic of the sheath is ‘derm/ 
lim*d hy e|)iderm eoiitinuous with the 
cntiele, which aeeordiugl y, when shed, 
usually brings away the hairs. In tlie 
dermle part there is a vascular and a 
hyaline layer; the latt(*r ceasing with 
(lie capsular part of the hair's matrix. 

Two sebaceous glands, ib. A, usually 
ojieii into the hair-sheath; and one 
or more delicate muscles, ib. </, of 
unstriped fibre, pass from the harder 
superficies of the derm to be inserted 
into the ca])sulc beneath the glands; these are mainly concerned 
in raising tlic hairs. 

Hairs, like teeth, are of two kinds as reganls growth; one 
t(‘mpora.ry, the other persistent. The f’ormer are shed and suc- 
(*eeded by new hair, iisnally once a year; the latter have ])ersistent 
bulbs and perennial growth. Tlie body-hair of the Horse is an 
examjile of the first kind, the hair of the mane and tail of the 
second kind. In many JMammals tlierc arc two kinds of hair, 
according to form, length, and structure; one short, fine, more or 
less curled, and mostly hidden by the longer, coarser, and straightor 
kind, which is sometimes calletl the external <*oat, albeit tbc roots 
sink deeper into the <lerm than do those of the internal coat, 
usually called ‘ fnr.’ 

Tliesc two kinds of hair — inner and outer — are most distinctly 
as well as abundantly shown in arctic and aciuatie cpuulnipeds, 
(ermine, sable, heaver, and tho scal-trihe), especially in the yonug 
state, when the lieat-H;rming power is weak. In some s[)eejes of 

* The eont nist, is strikiiiijj in (lie hair of ihe OrnithorlivLielius, in wliieh t he hruwn 
tint, is ccnitiiied (•> llu* expanded tcriniiiu] p;ii*t of the hair. 
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Seal the ^ fVir ’ scanty in the adult {Otaria lohatny e.g.) ; in 
othci\s it (?ontiruios abundant in quantity, and of fine quality 
( Otana itrsina^ hence a difference in tlie commercial value 

of the skins, whereby ‘ sealers ’ distinguish betAvecn the ^ hair- 
seals ’ and the Mur-seals.’ 

The term " wool’ is commonly understood to mean the modified 
hairs of domesticated breeds of sheej), which, tlinmgh a finely 
imbricate arrangement of superficial serrated scales, and a 
curly disposition, have tlie property of inutual cohesion, called 
Melting,’ on whicli depends the value of ^vool in inanufacturos. 
The ])ro|)erty is present in a minor degree in the longer, straighter, 
scantier fleece of sueh wild sheep as the llimahiyan Oris Vupiei^ 
the Oris Ammon of C'entral Asia, and the Ovis Mvsimon of 
Sardinia. In the dom(‘sti(‘atcd races the fleece has l)eeii m(Mli> 
tied and iin{)roved, in various degrees, by crossing the breeds, by 
choice ol‘ climate and pasture, and by careful attenti(»n and defence 
during its growth, until not oidy has the original coarse? eliaractcr 
of the product disa]>peared, but (pialitics of wooj of different kinds 
and of different degrees of superiority Jiave been obtaiticd, g(mc- 
raily divisible into two classes, one better adaj)ted for ‘ (‘arding,’ 
the other for M'ombing,’ and both available for a u’roat variety of 
useful and elegant textile fabrics.* 

The fleece of tlic domesticated varieties of (Llama 

\^cugna) has analogous properties rendering it useful for various 
manufactures. Ju all Kuininants the hair is shed annually : this 
would hai)i)en to the wool of Slieep weic it not shorn. The 
Llamas form no exception : the fleece of one in tlie London Zoo- 
logical Gardens became ragged and detached in masses in the 
month ot d uly. Alaminals living in cold climes develop a thick 
urulerc(jat of tur or wool : this is seen in the Musk-bubale, an<l 
was tlie case with the jirimigcnial Elci>liant‘-* and llhinoceros,’^ its 
former associates in high nortlieru latitudes. 

Tlu; muzzle, tlie inside of the ears, the sole of the jiaws, are 
defended by hair in arctic quadrupeds (e.g. Ursns mnritimns). 
The sole of the foot in the Camel and Dromedary is defended by 

* ill ol llit'fio (jUJilii ic-^ in wools, it is mjuisiti* to t< st tiio fiiK'iH'SS find (.‘1ns- 

t,ii:jty of tin- tibre, tin- ol nnbrical.ion of iho sraltnl suivt.'u.v.* of thy film' as shown 

by tilt- nli^•ros^•o|)•‘, t iiiMin.-uniiy ol jibi’i- (h'.V(*h>[)r-<l in a givnn sjtjii'y of thr tlyfcc.', lh« 
eoinfiartit jv»- tr* * d<>in ol fin- Ih ccy from extramous iiniUnrs, find tlio skill and yary 
employed in pr<.*paratf)i'y pniynssns ; sudi, for examplt-, as tliat. t.orinnd ^ scouring’ .Ihe 
ii])OU whicli dcpiuitls its liability or otherwise to mat at tin; ])Ottom of the sU 4 »lo. 
ccxxviii". 

Ccxl'*. p. 263. * p. 351 {Uhinoems tichorlimmi). 
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hair from the hot saml of tlio desert.^ Nocturnal quadrupeds of 
liot climates, as, e. g., Lemurida*^ have the soft fur and the longer 
scantier kind of hair. The northern AVild Boar has an undercoat 
of i'ur besides the bristles: in most domestic Hogs the latter alone 
are developed ; and a gland-lilvO body partly surrounds the matrix 
of the bristle, fig. 485,/. llhinoccroses and Elephants of tropical 
latitudes have but one kind of hair, most consfucuous in the 
voung, es])ecially in elevated localities, but almost wholly lost in 
the full-grown animal. The llijjpopotainiis, Sirenia^ Cetacea ^ 
/t/y/z/'/y/w, are examples of nake<l animals; but on the limited 
localities where the skin devehqis such a covering, it is of the 
niammalian character - hair or bristle. The iietal AVdiales show 
the latter on the lij), the adult Elephants and Bhinoceroses on the 
tail. Iliimaii hair, which continues to grow through more or less 
of life, has distiuctioiis as to huralities and length, charaeUnastic 
of age and sex : it varies in colour from pale yellow to hhurk, and 
in form from straigbi io crisp, resembling wool on the head of 
llie Negro variety. 

The degree of* imbrication of the scaly outer layer of* tlie human 
hair is such that riihhing (me between the tluimb and finger pushes 
the rof)t-end away. Beneath the scales the cortical [>art of the 
hair is minutely fibrous; it includes a (*(;llular pith with pigment, 
n[K)n which the colour of the hair mainly dejiends. In the minute 
lialrs on the general surface of the body, the ])ith is Avanting, 
I li.ave observed the hair of the heard to be tlu’ce-sided, Avith 
rounded angles, in transverse s(M*tion ; the hair of the head of the 
same indiA'idual liciiig a full oval in sucli sc(*tion. 

The general direction of the minute and fine hairs on the 
liuinan limbs accords with that of tluj medullary arteries of 
the long hones, viz. toward the elhoAv -joint and from the knee- 
joint.^' A corresponding disposition prevails in the hairy clothing 
of the limbs of Qaadnvnana, In the attitude assumed by an 
Ape crouching lieneatli the pelting of a tropical shoAver, Avith 
close-bent limbs, thigh and fore-arm upAvard, arm and leg down- 
ward, tile j'eversc directions of the hairs on the jiroxiuial and 
distal segments Avill he se(*u to he such as to act in both as a 
dowiiAvai-d Avatershed. 

The general direetiou of the hair In SAvift quadrupeds offers 
least impediment to forward motion. Some small hurrowers, 
Avhich move backward as Avell as forAvard in their long and narroAV 

‘ XX. vol. iii. p. 213. 

* Kschkicut luis given Jimplo tlotaib of the dispo.sition of the hair in the hunian 
fa*t;u8, ii»o(jxxx". 
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tunnels, Avoiild bo inconvenienced by such iiTichangeable dis])osi- 
tkm of their fur. Accordingly in ]\Ioles, Shrews, and Platyj)!, 
e.g., the stem of the hair is filamentary, the ond broad and flat, 
and the slender and expanded parts may alternate twice or 
oftener in the course of the liair, enabling the Avhole fur to 
assnuK* any direction in wliich it may be stroked. 

The hcat-retaiiiing pniperty of the [)ilose covering is mainly 
due to the amount of air it is able to retain. Tbe long curly 
character of the Sheep s and Llama^s fleece is one inodifiiaition to 
this end; tlic swifter Deer and Antelope are not so oncumhered ; 
l)ut the hairs composing their thin but close and smooth pelt 
have a cellular structure which combines lightness with the rc- 
(piisite air-intcrcc[)tiiig ijuality. 

In tlic Horse there is a central point on eacli ilank, whence 
the hair radiates in a somewhat spiral manner: the corresponding 
centre in the (iiralfe is a little behind the middle of the abdomen, 
towards the lower part.’ 

The hide of the larger liuminants which {p’e exposed to the 
elements in the jirolonged act of gra/Jiig is deftnided by the 
greasineSwS of the hair, as may be felt in the recently killed Ited- 
deer or Fallow-deer. The amount of seba<toous matter cxcrehal 
with the hair in some Antelopes is such as to have suggested a 
specific name in accordance theixnvith.''’ 

The varieties of structure of hair arc extreme : those of Doer 
seem almost wholly to consist of cellular pith, the cortex iindc- 
finahle: the tail-hair of the Horse, and the Fig’s bristle, offer 
the opposite extreme of thickness of cortex and minimum of pith. 
ljutth(*se and other modifications <lemand a special micrography.^ 
Hairs of some qnadrujicds, the Racoon, e.g., in the filamentary 
productions of the cortical scales, recall the character of the 
immature down in liirds (vol. ji. p. 237 ). lu some Rodents, the 
Hare, e.g., several fine hairs project from the mouth of the same 
slieath as the larger liair. In Mice and Shrews tlie margins of 
the cortical scales encompass the liair and project forward or 
r^M)twa^l. This free projeclion is such in some bats that the 
liair presents the ajipearance of a succession of enshoathed 
funnels with their apices backward or outward. Tbe hair of the 
Sloth is fluted, tlic (n*ust appearing to be composed of several 

* Tlif^ varif.tif-s in tins nn ril. more notifv tlniii tJu\v luivc liiliitTlo roooivrd. 

liaiii-iJIanrh Antdoj-r vucttiosa is j»roba]>lv IIjo sjiiiio spocics as Kohits of 

* itrief imniorsioii in siilpliuric uciil and (rli finsin;f with ft.hcr arc requisite prellini- 
iiari<‘S for edear and satisfaelorv iiiierT>scopie specimens of hairs. 
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filaniciits (confluent with a common central pith. In tlui I’cccari 
the pith of the coarse hody-hair is crossed hy (X)ndensed cells like 
Ix'.ains strciigtlieninf^ the cortex. The colour of the hair is lost 
|)y age ill Man, and during the winter season in the annually 
renewed covering of iuany anrtic Mammals : the endosmotic 
transfer of their contents fnun eell to coll of the pith cH’ects this 
change. The hairs of the Cajje-Mf)le are peenlinr ior the 
iridescent tints they refleiit, wlience its gcmeri(j name, Clirj/sio- 
rh Ion's, 

The stitfer, thicker kinds of ‘hair’ are called ‘hrisllos:’ when 
these*, attain unusual length, grow from the lips, checks, and other 
j)aris of the hea<l, and have the matrix supplied l)y unusually 
large nerves, ondouing them with tactile or exploratory faculties, 
lh('v are termed ‘ whisk(‘rs ’ or ^ vihrissie : those whi(‘h lajse.t tiio 
muzzle ol the Walrus attain the thiedcuess and stillness ot s[)ines, 
and servo, also, meehanieal usos.^ 
d'he mnselcs moving vihrissie 
have the stii[)<'(l fibre, 

§ 3(>1. -Over the major 

]iart, inehiding the more (*x[»osc‘d 
siirlaeos, of the skin ol’llie Hedge- 
hogs ( /‘Irljforros^ Ct o fates) spines 
are developed in such numbers and 
of such lengtli as to conceal the 
hairs; they are nearly straight, 
t<*rminate in a point, and, when 
fnlly formed, are smaller at the 
root than in the shaiY. They 
have a tliir’k, stiff, horny cortex, 
including a ])ilh of* cells ar- 
rang(Ml in transverse gn)n[)S, fig. 
dSS, (t, Tlui matrix is originally 
situated bencatli the derm, in cmi- 
taet witli the strong ‘pannlenlns 
carnosus;’ but section of tlieskiii 
shows the roots ami sheaths of the ([uills, extending to diflerent 
depths a(‘c()rding to the period of their growth: the newly 
Ibnued ones are lodged dee]), and terminate without contracting, 
the pulp l)eing large and active, and the cavity containing it of corre- 
sponding size; bni as the growtli of the ([iiill procceils, the rctlectcd 
integument forming the sheath gradually shortens and draws flic 
<piill nearer the surface; the pulp is at the same time progres- 

‘ XX. vol. iii. p. 21*’>. . * P>- 1>- 
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Soriinn »'rskiu, u'itlj .spircj, nf Ift-ilirt : 
(f, .svTl i"ll 'if Ml.l.i-'ll 
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sively absorbed, and the base of the quill is contracted in dia- 
meter, until it adheres to the surface of the derm by a narrow 
neck, below which is a slightly expanded remnant of the matrix. 
The disposition ot.thc dermal muscles subserving the spiny annour 
o( Eriiuiceus uuropmix, is given at pp. 18, 19, figs. 7 and 8. 

In the Porcu])iiio {IJifsfrix rrhtata) the spines attain .so groat a 
length that they are called ‘ quills.’ The fomiative pulp, tig. 489, 
e, is longitudinally furrowed ; to it is due the cellular pith : the 
ca])sule or inner layer of the theca is reflected into, or fills, the 
pulp-grooves, and tieposits therein, and continuously around the 
whole, the horny cortex : the consequent arrangement of crust 
and pith is such as in transverse section to give the figure, fig. 489 . 
llcneath the matrix is a cavity like a minute ‘ bursa limcosa,’ which 
allows much freedom of motion to the <[uill when acterl upon by 
the muscle, d, ot the sheath, / : a sebaceous gland, h, serves the 
quill opening into the sheath near tlie outlet. When the growth 
is completed, the matrix shrinks, and the same movement to the 
periphery of the derm takes place as in the si>ines of the Iledge- 
hog. Ihus it happen.s that when the (|uills ol the Porcujiine are 
violently shaken by the action of the cutaneous muscle, c, the. 
adhesion of some old (^nills to the derm has been so rcdu<'e<l that 
they are thrown off 



.S' . liim <.f sliin. wiih iiiafrU m il r-m .-.f .ni!!l : i. of .,ii|||, I'Mrciijiii. 


§ 362 . Srafrs, Only nne ^cmis of Mammal (Manis) oilers a 
ct)\eri]i^ot scale's; and with thoin arc associated hairs. I hc scales 
aic hn^o, cpiilerrnal or horny in tissue, and iml)ri(;ate or ovcrIa|»- 
pinnr, with the free l)(,rdor turned backward, vol. ii. fiir. IfxS. The 
external surfaci! of the derm is raised into large rhornboidal pro- 
cesses, upon whi(‘h tfio scales are moulded; beneath the derm is 
a thick ‘ pannicubis carnosu.s,’ adapted to draw the integument 
around the animal as a means of defence, and connectc?d with 
muscular slips, whieJi enict the scales. 
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A few other Mammals show partial deposits of sealc-shaped 
cuticle. Thus, in the tail of the Beaver the epidenn is disposed 
in hard scalc-likc plates, the anterior margins of which project 
ol)liqiiely inwards, and develop small pointed processes which pass 
into corres])onding depressions of the derm. In the great Flying 
Doi’inicc of Africa {Anomalurus) there is a double row of alternate 
overlapping horny ))lat(‘s at the under part of the base of the tail, 
loniinding one by their size and strength of the scales oi A lajiis. 

§ .‘U)3. Nails, Claws, and Hoofs. — The derm covering the ends 
of the digits, In iVIan, is closely connected or conHuont with the 
poriostc at the back of the last phalanx, and forms near its base a 
crescentic groove or ‘ nail-bed,’ from the ridged and highly vascular 
surface of which a solution of epidermic material exudes, which 
material formifies as cells, at first vertical to the snrl'aei* ; then, 
uhen pushed off by a siiceeeding pre(*i}>itato ol* cells, becoming 
H}ittt‘ne<l, ami ultimately condensing or coalescing inti) the horny 
plate termed the ‘ nail.’ 

fn the hoofed quadrupeds the ridge<l or laminate vascular derm 
or dermo-perloste extimds over the t'orc and lateral parts of the 
last phalanx, and similarly jirovides it with a thi(‘k hai’d horny 
wall, in great part i)f whi(‘h the primitive (‘ells have condensed 
into fibres ])erpondieuhir to the plane by whicb tbc superineumbont 
weight is transfern'd to the ground. In the Horse the formative 
lamelhe are sbown in fig. 17, at ir ; the resulting hoof being 
turned off to expose the horny lamelhe, il). .‘i, which interlock with 
the vascular lamelhe. From tlie greater part of the derm cover- 
ing tin; under surface of the foot horny matter arranged as vertical 
fibres is also formed, eom])leting, with the denser front and side 
Avails, the case called * hoof.’ The fibrous epuhn in on tbc sole of 
the bisulcate foot of tlie Huminaiit is very thick, hut less dense 
than in the soliped. Further particulars of the structure of the 
lloi •se’s hoof arc given at pp. 39 -41. 

In Carnivora the base of the last ])habinx forms a * nail-bed’ 
nineh deeper than in Man, a plate of boiu'. being reflected forward 
like a sheath for the base of tbc terminal, prominent, and pointed 
part of the phalanx. The dermo-periostc of this bed devel(»])S a 
very dense horny sheath covering tlic chiw-eorc, and recii)ro(*ally 
received at its base within tlu! ‘bed’ or sheath formed by tlmt 
part of the lingual phalanx. For the form of such ‘claw’ in the 
Felines, and the muscuhir and elastic, structures coiineeted there- 
with, sec j)p. 69, 70, and fig. 36. The maximum of claw-develop- 
nient is, however, presented by the Armadillos (vol. ii. figs. 272, 
^76), the Sloths (ib. 6g. 280), and the Aiitcaters (ib, fig. 263): in 
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tlie gigantic extinct members of tlie order {Meff(Hhertmi^ 

fig. 27 J), c.g.) the claws and their core or supporting bone 
rivalled the horns of many Ruminants in bulk. 

§ o()4, //r>rwN.— 'fhe horn of the Rhinoceros consists of a 
uniform coin])aot agglutinate mass of epidermal fibres, the slightly 
concave base of which is attached to the dermo-periostc of as 
slightly elevated a rugous tract of houe : it is medial in position 
and symnietrieal in sliape. 

The Asiatic eiuitinent and the Island of Java have tlie one- 
horned species called h'kaiorrros itidirns and Hh. aonduiens (vol. ii. 
p. 284, tig. l()o): tlie same continent and the 'IslaTul of Sumatra 
have the two-liorned s]»0(4es (f A. ^nunnfrnnua): all the known 
kinds of Rliiunn ros, four in number, of A frica are two-hormHl : 
in these one horn is hehind the other in tlie same medial tract of 
the upper pnrt of the skullj The nasal bones siijiport the constant 
or anterior horn : when a second is sn[)erad(led it is attached to 
the frontals, and is, usually , shorter than the first in /t/intnrcros 
OsirvlUt oonsideraldy shorter; but in l\li, KvtUm it is almost cv 
quite as long as the first horu, but is straight. The liovn or 
horns of tlie female Iihinoceros are usually shorter or smaller than 
ill the mal(^ In the vonue* onohorned Rhinoceros li\in<»-, from 
1834 to 1849, at the Zoological (lanlens, tln^ new fibres of the 
growing horn wc're cliietly adilod to the front and sides, those at 
the back decaying, and by this direefion of addition the horn pre- 
served its relative position to the /‘ore part of the growing head. 
Tliis local decay and nmovation became loss (*onspicuoiis after the 
animal had gained its full size; ami in the long horns of aged- 
Individuals tlie whole liasal circmuf(*rcnc(‘ jnesents the same 
smooth an:] iioHsIumI surface, the recejition of additional matter 
being then restriettM] to the eoinplcted area of the base. 

Raise an<l |>roIongr the bone covered by tlie vaseular liorn- 
forming tegument, and the next type of horn would result. In 
mr)st Ruminants (Oxen, Antelopes, floats. Sheep) a pair of pi*o- 
cesses extend Irom the frontal bones, the dermo-perioste of which 
develojis a slieath coinjiosed of horny fibres: but the supjiorting 
process is long ami conical, and the horn wdilidi sheaths it is corre- 
spomlingly hollow, wlience the Ruminants, so armed, arc termed 
‘ hollow-horned.’ l*he bone is termed the ' core it has usually 
a rugous or grooved exterior: in Uoruhi* and the fniiital 

* T'li; n;i<{iis of Uic lihiuth-tyroA iu'nitt.his^ Caiv., xljow a i raiu?V(‘rs(? ]ijiir of miuiH 

am] smooth conical ja'occ,— •« s, uhicJi caanol confidoitly he inferred to liavo sii.staiiied 
like I lie Uhhwrerm^ 1 ludieve il to lia ve hecn tioraless. 

- There are repf>rl.s, ne-ding coidifTmil ion, of a sina]] third honi, ns a rart* varii'ty. 
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sinuses extend therein : in Antilopul(B the core is solid or but 
slightly excavated at the base. In an Indian species {AntUope 
quadricornisy fig. 491) two pairs of horn-cores arc developed from 



Skull <jf Ox with horn'rorc, «, Hurt horn* h. 


the frontals; the same peculiarity characterised the gigantic 
extinct Antelopes { Braviafheriam and Sivatherium^ vol. ii. p. 473, 
fig. 322), and they also combined the branched character oi the 

horn in the hinder pair, Avhich is 
at present restricted to the single 
n k borne by the Throng -horn An- 

■ tclope {^Antilocapra Amcricamiy fig. 

B i 492 ). 




W\WrS 



Rkull of four-homed Aiilelopr. Branched horns of the FrouK-horn. 

Ill the true Oxen (i?/).?) the horn-cores spring from the jiosterior 
angles of the frontals, fig. 490 : in the Bisons (Bison') their origin 
VOU 111 . s s 
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is a little in advance of these angles (vol. ii. fig. 320): in the 
Buft'aloes and Biibaline Antelopes the horn-cores rise by broad 
and extended bases^ meeting at the mid-line {Ihihnhis Cfiffvr, 
Ii. moschatus, li. Guu)x in Antelopes the origin of the horns are 
more in ad\ anec. The shape, size, length and direction of the 
horns vary extremely in the holhnv-horned Ruminants : in many 
they are transversely ridged or annidate ; but vSeveral rings may 
be Ibrmed in one year : a periodical activity of growth is notice- 
able in most, as in the Ram and Goat, toward the period of the 
rnt. Horns are usually present in both sexes ; but in some genera 
of Antelopes ( Trauilnphits, Cercicnpra^ Cep/ialophus, e.g.)onlyiu 
tlie male. In Antilorapra the riidimental Iiorns in the female 
arc sometimes coTispieuoiis, but are small, short, and simple, as in 
the yearling-bnek. 

1’he Rnnig-bnck a<* piires its full-sized horns by j^rogressive 
growth of the persi>tent (a>re and by annual shedding and renewal 
of the extra-vasmilar sheath. The hitter plienomemi have been 



witnessed and recorded by two 
t rustwortliy observei's. Mr. 
Bartlett nothaal tlieir fall in a 
young male at the Zoologieal 
G:irdens, November 7 tli, bSO'): 
the shed sheath was 8 in. J^nig, 
and showed an ohtusc l)(‘gin- 
ning of the lower prong of the 
fork, fig. 493, A, r. The 
<lermo-perioste of the core does 
not lose its vascularity : the 
shedding of the agglutinated 
fibres of the sheath, like that 


of the onlinary hair, is due to tlie obliteration of the matriees ot 
these fibres and tlieir extrusion from the dermo-periostc ; which. 


in the meanwhile, has begun to devel(»])e a new coat of fibres, ib. h* 
These, on the shedding of the old mass, aj)pear an abundant 
covering of long, straight, silky and light^coloured hairs, ih. (U 
the growth of which mechanically uplifts and pushes off the old 
sheath. The new sheath, 4 inches long when so exposed, grew 
to 6 inches in the course of three weeks, at which time the fibres 


had begun to felt dr agglutinate into a compact horn at the sum- 
mit, fig. 49.3, n, c.* 

Dr. Canfield observed in a young yearling male Rrong-lnudc, 
which he had captive, at Monterey, California, the growth of the 


* ccNxiv". p. 7iy. 
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first pair of horns commencing in July (1855), and attaining the 
length of Jths of an incli and the form of a rnaimiiillary knob ; 
the sheath was shed, early in December, leaving the core an 
inch long, and covered by fine silky hairs : in a week the agglu- 
tination of the summit into compact horn commenced. In Oc- 
tober 1857, the animal being two years and adialf old, the horns 
were 9 inches long, and the anterior prong was indi(?ated by a 
protuberam‘e, as in fig. 493, A, the agglutinate ti[) (J which soon 
became (jonfluent with that of the main stem. The phenouiciui 
note<l between 1855 and 1857 indicated an annual shedding of 
the horn-core.* It is probable that such takes place, also, in 
the fully-formed liorii anil, in tlie month of November, as a 
rule.^ 

The Giraffe has a pair of small, short, cylindroid unbraiiched 
horns whicli consist of l)one covered by hairy skin terminated by 
a tuft of ct)arser hair. The bones are not processes of the skull 
but are joined, like ej)i])hyses, by ‘ synchondrosis ’ to both frontal 
and parietal bones, *1110 base crossing the conmal suture. They 
are presoit in both sexes (vol. ii. ]>. 473, lig. 325 ); and the young 
is horn with such horns, being the sole horned mammal that 
enters the world with these weapons.'^ 

In Deer {Cerridee) the horns consist wholly of bone which 
grows from the frontal, the periosteum and finely haired integii- 
nieut, called ^ velvet,’ co-extending therewith during the period 
of growth ; at the end of which the lormativc envelope loses its 
vascularity, dries and is stript off, leaving the hone a hard in- 
Si/nsihle weapon. After some months’ use, as siicl), the horns or 
more pn)[)crly ‘antlers,’ having lost all vascular connection with 
the sknll, and standing in relation thereto as di'ad ap[)endjiges, 
arc undermined by the absorbent process and shed ; wdicrcupon 
the growth of a succeeding pair commences. The shedding of 

' \\ 108. 

• Thus Dr. Ciinfiflcl ohsum-s: — ‘In llio moiilli of Di'ci'mber aiul Jamiiiry I have 
tu vit kilk'd a, luu'k with lurjro Iiorns ; and at that t ini u of tlio year all the Lucks 
appear to ]u>. youn;j: ones, liccausc tlu*ir horns arc so small, whereas in the spring and 
surmucr months altnost- all the Liieks a}»pear to Le ohl ones, for ihcir horns are then 
large and noticeahlc.’ Ho also remarks: — ‘ In the summer months the line of demar- 
cation is very apparent and abrupt between the horn aiul the skin from whieh it grows, 
l-'Ut that in winter there is no deinaivation, the horn lieiiig very soft at its base, pass- 
ing i'lseiisibly into cuticular tissues, and tho horny substance being covered tliiiily 
with hair.’ Jb. p. 108. 

* cexxvi". p. 25. A broad obtu.se einiin'iicc formed by tliiekoning of oontigiions 
parts of tho tw'o frontals at t lie j>art of tho frontal suture, tho ba.se of wbieb omiuence 
is often irregularly exearated or iinderniined by ve.ssels, lias bi'cn inistakeii for a third 
born, articulated to the frontals. 8eo xcviT. p. 21 ‘J ; and section through this part, 
vol. ii. fig. 326. 
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the antlers colncules with that of the hair, and, with the renewal 
of the same, is annual. 

As a rule the antlers of deer arc hranched : their base expands 
into a series of dense osseous tubercles (vol. ii. fig. 327, 6) calliMl 
the ^ burr;’ this ridge defends the edge of the frontal skin and 
periosteum, which terminates abruptly beneath it, usually on a 
persistent process or ‘ pedicel: ’ the vessels co-extended with the 
‘ velvet’ during the growth of the antler, cheek the continuous 
development of the basal ridge, and leave it notched and per- 
forated. The ‘ burr’ is not the mechanu*al cause of tlie oblitera- 
tion of the vessels. To suppose that the growth of the antler is 
stopped by sudden suppression of its supply of blood — by a sort of 
bony ligature of the arteries — exemplifies a shallow physiology : ^ 
the ebb of blood, like the flo^v or ‘determination’ to the periodically 
growing part, whether ‘ horn ’ or ‘ testicle,’ is due to deeper ei>n- 
stitutional conditions. As the vessels of the antler gradually 
diminish in size, the ‘ burr’ encroaches upon their channels ; l)ut 
of tliese sufficient remains in the form of perfe:*ations and notches 
to allow blood enough to pass to the ‘ velvet,’ if its entire depri- 
vation of nourishment were not a pre-ordained condition, inde- 
pendent of the ‘ burr.’ 

The stem or body of tlie antler is termed the ‘ beam ’ ; Its 
branches are the ‘ tvnes,’ its branchlets the ‘ sna<rs ’ : the first or 
lowest branch is the ‘ brow-tyne,’ as projecting from the fore- 
part of the base, forward, fig. 45)4, m ; tlie second is the ‘bezo’ 
or ‘bez-tyne,’ ib. n\ the third is the ‘royal,’ ib. o\ the upper 
ones, which are more or less clustered on an expansion or ‘ crown ’ 

of the beam, arc the ^ siir- 
royals,’ ib. /;, When a 
branch is sent oft* from 
the hind part of the beam, 
as in Meffaceros,^ it is a 
‘ back-tync : ’ this is long 
and siibpalmate in the 
CluMese C, davulianas? 

In the Red-deer ( Cer- 
vtis elaphus)^ as in all 
other species, the first 
pair of antlers which the 
young male developes in the spring of the year after his birth, 
consist of beam only, fig, 494, a; they arc called ‘dags,’ and 
the animal carrying them is a ‘ brocket : ’ the next year’s pair 
» xcvi'. p. * xvii'. p. 4&G. » ccxl", p. 27, pi. 4=. 
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(Icvelope the ^ brow-tj ne/ i, and characterise the ‘ spayad/ 
but occasionally a ^ royal ’ also appears, as at c : the bez-tyne, 
a ^ royal’ and short ‘sur-royal/ characterise the antlers, ib. rf, of 
the ^staggard’ or male of the foiirtli year: in the fifth year 
the antlers assume tlie type of and the animal is a ^stag.’ 
They go on inci'oasing in size, length of tynes, and number of 
those divergiTig from the exjumded crown, ib./* p, until the male 
becomes a ^ great Hart’, an<l may be ^summed of from 10 to 
10 points.’ liarcly, liowcvcr does a Ked-deer of the restricted 
^ forests ’ of liri tain or Krance, now become a ^ (hu’f de dix cours,’^ 
Jhit, with a range affording choice of favourite food, and under 
oilier conditions of constitutional vigour, among which may be 
reckoned the absence of that irritation of nerves caused by the 
dread and iicrsecution of man, the bony sexual appendages of the 
skull have attained grand jiroportions. The largest which I have 
peisonally examined are of a Red-deer, killed some centuries ago 
in AVallaidiia. Tlie length of each antler from burr to extreme 


tip, following the curve of the beam is 5 feet 8 inches : the 
crown divides into* four pi*imary tynes, tlie subdivisions or snags 
of which, included with the ordinary tynes, give a total of ii])- 
wards of 20 points : tlie weiglit of the pair is 74 lbs. avoird. Those 
antlers are now in the possession of Earl Powcrscourt, by whom 
I have been favoured with the ojiportunity of inspecting them. 


In the hallow-decr tlic yearling 
conunonly slender dag, fig, 

49.), ay so long as it "is car- 
ded the animal is a ^pricket’ : 
tWj antler of the following 
year is longer, and sends olf 
two tynes, ib. h ; sncli antlers 
i^liaracterise tlic ‘ sorel ’ : the 
third pair, increasing in size, 
slunv, in addition to the two 
anterior tynes, an expan- 
sion of tlie beam with two or , 
n»ore sliort snags, ib. c ; they 
characterise the ‘ sore ’ or 
buck of the fourth year: in 
the fifth the antlers assume the 
ib. d\ and the animal is a ‘ buch 


fawn ^ puts up ’ a conical, 


4 ‘)') 



Aiirlt-ra of 2iid tostli year in the Fallow-dwr. 


form characteristic of tlic species, 
of the first head.’ In the seventh 


year the antlers have acquired their full size and their best 


* The foregoing terms, with tlioso apjiUed to tho Fallow-deer, belong to ‘ Vericry/ 
the Art of the Chase. 
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coiicUtion, in regiird to length and sharpness of snags, tor weapons 
of combat : the buck is now ‘ full-headed.’ After the seventh 
year the antlers arc thicher, heavier, more obtuse, becoming 
shorter in the beam, and espcycially in the branches. The 
antlers of the Fallow-deer are shed in May ; their growth is 
complete in August ; they are ^ burnished,’ or the formative cover- 
ing is stripped or rubbed oif, early in September ; prior to this 
they are said to be ‘ in velvet’, the fine hairs clothing the temj^u- 
rary skin resembling the pile of velvet. In the Red-deer th('se 
annual jdicnomeiia occur al)Out a month earlier. Soon after 
biiniishing, the eoinhatlve instincts of the males arise; and, wlieu 
the swelling of the throat and the ‘ helling ’ challenge announce 
the ^ rut,’ the combats ensue d Pontrance : tlicreupon the coin- 
cidence of the perfection of the antlers with the acquisition oi’ 
maturity of strength and wind, enabling the male to wield them 
in the most efficient inaiiner, gives liim the command of the field, 
and he drives off every younger and less favoured antagonist 
from his chosen seraglio of hinds or does. The antlers of an 
older buck or stag, though more massive, are more obtuse; the 
addition to the bulk of the body is then <lne to other matters than 
wwking muscle, and the animal is sooner * out of wind." Con- 
sequently the male tliat has been the victor ot* one year is con- 
quered by the younger one, now in liis prime, who ventured 
into combat wdth him and was heatori the previous year. Thus 
is provision made for the ])ropagation of the race by the best and 
strongest. It may further be remarked, that the fawns are 
‘ dropped ’ at a time wdieii the paternal antlers ai*o shed ; and the 
males, wdnch arc vicious, are thus deprived of the power t>f in- 
juring the young dining their more tender jicriod of life. 

The Rein-deer ( Cerrm tarandns) is one of tlu^ very few' fV;- 
vidxe in which antleivS are dcveloj>cd by the female: they are 
shed and renewed as in the male, but are much smaller. In the 
male they are remarkable for the length and forw'ard curvature 
of the beam, and for the length and broad terminal snagged ex- 
panse of tlie tynes, especially of the brow-tynes, wdiich also con- 
verge with occasional decussation of snags ; wffience Caesar was 
led to describe the Rein-deer haunting Germany and the South of 
France, in his day, as having a third horn growing out of the 
middle of the forehead.* The opposite extreme is seen in C. da- 
viidia^usy in which the brow-tynes are wanting. In the KIk {Ahes) 
are rejiresenti'd by the lower tynes of the generally expanded 
antler. Species of deer of small size, e.g. the Roe ( cnpreolus) 

’ CCXT.Tl". 
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ami tlie South American C, rnfas^ C. srmpUcicornis^ have antlers 
more or less in the condition of ‘ da^cs ’ at all a<rcs. 

If a Fallow-buck, with antlers, be castrated, they are shed 
earlier than usual, and by a more active absorbent process, nhich 
leaves an irregular concavity at the base: the antlers that are sub- 
setiuently developed are small, seldom l)ranehed, retain the ‘ vel- 
vet’ longer than usual, and become thickened by irregular tuber- 
culate masses of bone. If a y()ung buck be castrated before it 
has ^|)utup’ antlers, it docs, afterwards, in sonic instances, 
develnjie them, hut of reduced size and abnormal sliape, retaining 
them, with their formative covering, longer than usual. Occa- 
sionally, though rarely, they are shed and renewed : but such 
shed antlers of a ‘ heavier’ or castrate deer are eharaetcrised by 
the excavation of their base.' The normally shed antlers of per- 
fect males have the base flat or convex, and almost smooth. A 
rare instance of the sexual relation of antlers, tlie coiiieidence, viz. 
of a small one w ith a diseased ovary of the same size, in a fallow- 
doe, has been rccordcMl.''^ 

Ill most deer tlie antlers are supported on permanent jiroeesses, 
or ‘ pedicels,’ varying in length in different species, ami attaining 
their greatest in the Muntjac {Cervus Mnntjac, vol. ii. p. 478, 
lig. 328), which thus seems to shed only half its horns. The per- 
sistent integument of such pedicels is always defended, by the 
burr (ib. 6), below which tlie absorbent process takes [dace at 
the shedding period, 

I’hus Deer are the only Ungulates that annually shed their 
horns : the l^rong-buck is the only know ii hollow -liorncd Rumi- 
nant that annually sheds the cxtravaseular part oi’ the liorii, called 
the * sheath.’ The horns of Ungulates may be summarised as con- 
sisting either of horn only {Rlthioceros)^ of bone only (( Vrr//,s’), 
of horn and bone {Ros), or of skin and bone {Cavielopurdalis), 

' Ui'vli’s mil : — * Si I’orvns j\iv»>nis t»asi ivlur, uoiuliini omit^sis corjiulnm, oorniia 
iniiKpiJuvi omittil.; si (’astrolur jam o.niis.sis ».*urnul>us, ooniUri ruiinpiatu luutat; sed 
•lusf <1 urn. fa Sira til r Jialnl, oast rains Hornnor ivtinot* (co.sxvii''. j>. J6‘2): -is julnjli'd by 
i'o'.H’oii * 8i Ttui fait oflO’ opor’ation dans lo temps <pi'il a mis bas Icte, il ne s’eii 
t')rni(« pas unc imuvelJn; et si on lie la fait an ooiitrairo qiie <1ans Ic ti.’inps qn’il a. refait 
sa elle. lie toinbo ]>]us; J'animal, eii iiii mot, n-sto p«)ur touto sa vie dans I’etat oii 
il etait. loi’squ’il :i snbi la cast rat ion,’ cxxii'. lorn. vi. ]>. 81. 

'file c.\[Krimcnts (xi,iv. pp. oOO, o‘)l), which Siv Pliilip de M. (tivv VVorton, Hart., 
".'VS so kind as to have mailo, at my snjwostlou, on Fallow-deer, in OiiUon Park, 
.>icKled in the main the results friven in llio U'xt. It is dcsiraldwthat similar experi- 
ments should bo repeated in the Red-dcer. Two males of Rein-deer, said to be ens- 
traltjs, at the /ooloi^ical (j.anlen.--, and wliieh have never shown sij^n ml. hare shed 
and rojuvulueed iinl.lers of normal form, and nearly full siKe during tliroe eonseeutivo 
Years. 

(Cxi.Tit", p. ;io6. 
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CHAPTER XXXVI. 

rEOULIAR GLANDS OF MAMMALIA. 

Mos r species of the IVIaminaliiin class have their j)eeiillar odoin*, 
whereby, mainly, the individuals of such recoi^nise eacli othoi* ; 
and, in the gregarious kinds, a stray one may be guided to the 
herd by scenting •the secretion wdiich has been left upon their 
track. Such odours are commonly due to follicles or glands 
opening upon some parts of the skin ; but there are, likewise, 
glands subserving other uses, peculiar to certain sjieeies. 

§ 3(55, Opeuhtfj upon the head . — In many Ruminants and some 
hogs, a depression or inverted fold of skin, lumr and usually 
anterior to or below the orbit, is perforated by the ducts of nu- 
merous more or less developed seha(‘eous follicles, tlischarging 
tlicir secretion into the cavity. As this is often placed so as to 
receive an overflow of the lacryinal secretion, ami as a <;orrc- 
sponding depression is usually present in the large facial plate of 
the lacrymal bone, it has been termed by F rench naturalists 
^larmier:' by English writers, the tegumentary sac, with its 
irlands and muscles, is called ‘ suhorbital pit or sinus.’ In the 
Indian Antelope { AntUope cervienpra), it is large anddeei) : a few 
short hairs project betv\a>cn the glandular oritices at the bottom 
of the sac: its circumference is entire and provided with radiating 
and circidar strata of muscular fil)res on the surlace next the 
dej>ressIon of bone in which it lies : by these muscles the tegu- 
incntary pit can be expanded, contracted, protruded, and partially 
everted, whereby the glandular surface may be brought into con- 
tact with and rubbed against foreign bodies : the follicles are inul- 
tiloculur and numerous in this species. The odour of the secretion, 
^clijiing to musky, may ho recognised by a stray individual of a 
by the doe, which might thereby be guided to her mate. 
'S'Kf gland scerns most nearly to relate to the sexual function : it 
is usually larger in the male than the female, and its devclopmont 
is checked by castration. It is present, but small, in most goats 
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and sheep ; also in many deer,* in which it appears as a simple 
fissure continued from near the lacrymal angle of the eye. A 
similar pit occurs in a more advanced position in some antelopes ; 
such ‘ maxillary pits ’ sometimes co-exist with the suborbital ones, 
sometimes replace them. A third position of the cutaneous 
gland-pit is more rare, viz, behind tlic base of the ear, as in the 
Chamois {Antilope, rupieaprti). With a view to test the relation 
of these organs to the habitats, and gregarious or solitary habits 
of the Antilopidm^ I drew up the subjoined table — 


nncl niaxil- j- 
hiry pilfi. j 
SiiLorbital pits 

large. 


small. 


AntUnpe SumiUrensis, Hal>. hilly forewts* habits of the Goat, 
quadrimypa. Senegal . 

ccrvica/mt. Opon plains of India ; gregarious. 
'metmapH!*. Open plains of Caffraria ; floeks of six or 
eight. 

pu'ta. Dense forests of India ; small lu rds. 
nooparin. Open plains of 8. Afriea; snbgregiirioiis. 
itogulus. Stony plains and valleys of 8. Africa; in 



Antilope 


pairs. 

m'lanotU. Plains. Iddes in underwood; in pairs. 
l)(trcas. Borders of flic desert ; gregarious. 

KitrUa. Stony plains, .Senegal; gregari«ai.s. 
sahyatfurosa. Plains, (.\‘ntral Asia ; gregarious. 
Jieaucttli. Boeky hills of Dtrean ; not gregarious. 
Arahiat. Stony hills of Arabia ; sub-gregarious. 
Sran/urruigii. Hills in Abyssinia; not gregarious. 
Euchore. Dry plains of 8. Africa; gregarious. 
pygarga. Plains S. Africa ; gregarious. 

Mlatrr. De.sert.s of Morocco. 
ri/JleoUis. Dt?sert.s of Nubia ; gregarious. 
rohia. Vicinity of lak<*s; gregarious, niigralory. 
galturosa. Arid deserts, Asia; periodically grega- 
rious. 


Suborbital pits. 


Siiliorbiial pits. ® | 


tn 

s 

o 


Aniihpc Saltunia, Mountainous districts, Abyssinia; in pairs, 
Oreotmgus. Mountains of the Cape; sub-gregarious. 
Thar. Hills of Nepaul ; not gregarious. 

Gazilhi. Senegal. 

Aniilope ]hihah(ii. Mountains and deserts, Tripoli ; gregarious. 
Caama. Plains of S. Africa ; gregarious. 
lumita. 8. Africa ; gregarious. 

Gnu. Karroos of 8. Africa ; g'^egarious. 
tnnrina and Gorgon. 8. Africa ; gregarious. 


Maxillary pits. 


(Antilope KilcicnUrU, Tliickcts and undorwooil, Africa ; ? 

mergena. Forests and underwood, 8. Africa; in pairs, 
Grimmia. Guinea. 
linrrhellu; 8. Africa, in pairs. 
pcrspisilla. Bushes, 8. Africa ; in pairs. 

Maxwcllii. lb, il>. 

jt/fgnitea. 


* XX. vol, iii. p. 272, no. 2101 (Cmms tarandus). 
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No suburl.itul, 
or Tiiaxilljiry 
Ifit.s, 


Post aiuiitoiT 
pit-s. 


Aidihyj)*' f^trepsiceroA, Woods and banks of rivors, Caffi’ann; 
sxil>prrcf?nrions. 

,Vihmiica. AVchxIs, Oiflraria : in paii's. 
srripta. 

Koha. 8eTir-nr,al. 

Ko^t. Sent‘{rrtl. 

Klrolrtufiia. Iiocdy banks, (,\apo ; .sub<.p*i‘gariotis. 
rif/ioiCff. Goivo. 

cttpruifua. IbKlrrNvood. S. A fHra ; snbjL' r'( ^ariiMis. 
J.ainiiatm. l.-rnb-rwund, S'. Africa ; subj^rc^arinus. 
ArtHhqu‘ ]^f!picapra. ]Moiiiitains, Kuro}>t* ; siib<;rt‘jrarious. 


No suborbital, 
or niaxibarv 
pits. 


I 

i 




i 


Arttifupf AtbJa.v. Ib-scrts, N. Africa. ; in pairs. 

Ifucori/d'. Acacia «rovcs, N. Africa; i>TCiiarirnis. 
Ori/.T. Woods anil plains, S. Africa ; subarffiarioiis. 
/(‘nrnp/i(/tt, ()p»*n |»!ain.s, S. Africa ; siibp[rc^rarious. 
ha Audit. Opioi plains, S. Africa; in pair.s. 

Hjniiut. Plains, S. Africa; pacgarions. 
f/t/psipr!/i;}jit!ti. S'. Africa. 

Ureas. Opi-ii plains, S. Africa ; pov^arions. 

Canna. Dt-scrt, Capo; ^ircgarion.s. 

GoroL Klovatcd plains, lliininalay; grccrarions. 


From tire foregoino: summary it may be inferred that tlie 
scented seendJoii of the snhorhital sinus serves rather to attnu t 
or ojuide tl:e female, tlian a stray indivitlual of a herd. In the 
African Water-hogs a naso-]naxiIlai*y jnt opens between the eye 
and snout, rather neai'(*r the eye. 

In the Elojihant a large gland of a flattened form and innlli- 
lohate structure, lies lieneath the skin of tlie. face, in the temporal 
region : the secretion exudes from a small orifice, situated about 
half way between the eye and ear. The gland enlarges, iji \\u) 
male, at the rutting season, and the secretion tlien has a strong 
musky odour, 

§ 366. Opening upon the trunk. ~h\ certain troj)ieal hats 
(Cheironielefi torrpiatns, Cheir. mudotus, e.g.) a glandular sac. 
exudes upon the forepart of the breast, near the axilla, a lu’ownish 
sebaceous secretion of a penetrating sidmnisky odour. 

In many )Shrcws two longitudinal series or groups of gland nlar 
tubes, open u]Km tlic flanks, at a part surrounded by sliort hairs; 
the tubes arc tortuous and closely conglomeratc<l at their blind 
ends, but beconu? straigbter near their termination. The ])ecnliar 
odour, more or less musky, of tiorkidoe^ is due to the seci'ction ol 
tliese glands, and makes the shrew-mouse unacceptable as food to 
the cat that may have killed it. 

In the Peecari, a large gland, fig. 496, consisting of many 
lobes, exudes its secretion by an orifice, ib. h, on the midline 
toward the liiruler part of the back. Tlie rescinblancc of this 
orifice to the navel on the opposite part of the trunk suggested 
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to Limieus the term Dicofyles, for this genus of S. Aiucricau 
poivine aiiiiiifils. 

lu many Antelopes there are situatecl in the groin, external to 
the nipples in the females, glandular depressions of the skin, ov 
Douches, sometimes of 

I . • 1 

hu'ge size, as in Anti- 
lopi' cormufK e.g., in 
wliich the secretion is 
yellow, like cerumen.* 

The presence or ah- 
soiure of the groin-jiits 
ill the diflercnt sjiecies 
of Antelopes is noticed 
in the table, p. 

The most notable de- 

.. T)(»rs;il m'lil. tlatul. IVecari ; (iiic tliiril iint. si/c. 

velopuient ot scent- 

glands and bags, at the gi^oin, arc those which ojien into the 
prepuce of the small Jiuminant, called on account of the odour of* 
the secretion ^Musk-deer’ {Moschus mosc hi ferns). The fully 
(leveloi)ed gland at the fundus of the sac may be three inches in 



diameter and one inch at its thickest part ; the moist secretion 
accumulates in the cavity 


of the tegumentary pouch, 
and constitutes, when dried, 
tlie costly medicament or 
perfume, ‘musk,’ 

The analogous carmina- 
tive or fiiitispasmodic sub- 
stance ‘ castoreum ’ is the 
secretion of glands, lig. 497, 
exiuling into the prejiutial 
and ano-preputial passage of 
the beaver. They present 
the appearance of two large 
masses, with a common mus- 
cular investment on each side 
the dorsal tract, which is un- 
u su all y prol < inged l»cy on d 
the pelvis for their accommo- 
dation in that rodent. On re- 



moving the muscular layer, 


Cn.-putial arid glands of Cm' IVavt'i*. 


each mass has its capsule : on dissecting this away, the upper mass 


’ tTXXXVi. vol. ii. p, 146. 



636 ^ ANATOMY OF VERTEBRATES. 

is seen to be a large pyriforin bag, fig. 497, with a coitu- 
gated glandular lining membrane, r ; the pair terminates by a 
common orifice, y, in the ano-preputial passage, q, c, «: tho 
other mass may l)e separated into three rather compact glands, 
e, /, //, witli short ducts, ending by a common orifice, e, e, on 
the same passage, nearer the anus, The secretion of* tliesc 
latter glands is yellow, viscid, and musky ; that of the iii)pei* 
bags, p. '/*, is greyisli-coloured and more offensive: both secretions 
appear to bo mixed in the dried ‘ castoreum ’ of commerce, of 
ndiich that from the Cai^tor Jiher of Europe and Asia has a higher 
value than the ‘ New' England castor,’ obtained from the American 
beaver. 

Ilomologuos of the glands, h, of smalh*r size and siinjdor 
structure exist in many Kodents, and are reckoned as ‘ anal : ’ 
lliey are shown in the Agouti, at r, **, fig. oOfi; iu the w'atcr-vule, 
at ty fig. 510; in tlic male hare, at /e, /, fig. 505; and in the female 
hare at q, fig. 539. In J.rpiis the follicles open into a deep glan- 
dular fossa occupying the interspace ))etw’eeM the rectum and 
prepuce, on each side. Hunter, after noting in a male lfclarn//H 
capensis the position of tho vent ‘about t^vo inches from the tail,’ 
proceeds to state: — ‘ About half-ati-iiich farther between the h‘gs 
is another opening, similar to the anus, passing in the same direc- 
tion between the two crura of the os pid)is, and leading to, or ter- 
minating in, tw'o blind ends, between the rectum and the bulbous 
part of the urethra. These tw'o ends are glandular, or sccu'etc a 
w hitish mucus ; they are lined wdth a cuticle, are w hite and silky, 
having a good deal of short wdiite liair.’ ^ On each side of tho ter- 
mination uf the rectum in the cloaca of the Ornlthorhynvlrus 
is an oblong glandular prominence, about four lines in length and 
tw’O in breadth, on wliicli there are about ten orifices of follicles 
which secrete a scented sebaceous matter. Iu all iMarsupials two 
si?nilar cavities with sebaceous follicles open into, or near to the 
termination of the rectum. The short vestibular or cloacal pUv^- 
sage in the tw'O-toed 81oth show^s many orifices of such follicles. 
A })air of small anal bags exude their secretion near the verge of 
tl)c anus in the Armadillos. 

The anal gland-bags arc most constant and best developed, as 
a rule, in the Carnivorous order: they are each provided with a 
inusc.iilar ca])sule, lig. 498, r/, and present a smooth surface when 
this is removed, as at />: they are, also, eoinmordy smootli within, 
and lined by a den^e e]>ithelium: the glandular stratum is some- 


* ccxxxvi. voJ. ii. p, 230. 
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times limited in extent, and usually thickest toAvard the orifice of 
the bag which is just within the verge of the vent. Tlic ghiu- 
(lular stratum is thick and continuous in the Otters and Skunks, 
and in the latter, at least at certain seasons, secretes the in- 
tolerable, penetrating and long-enduring odour for which these 
quadrupeds are proverbial, 
and from whicli they derive 
some means of defence 
a<rainst foes : the orifice 
from whicli the secretion 
is ejected is situated on 
a maminillary prominence 
( Mephitis^ My dans). 

In the Ilyama the anal 
glands arc thickest and 
largest ; they arc two in 
lunnber on each side and 
open into a wide transverse 
depression or sinus ex- 
tending across and above 
the anus.^ In the Civets 
( Virvrra rivefta, V. ij(mMtn) the two lati'.ral gland-bags in- 
t('r(*omnmnicate sooner, before forming the common canal opening 
into the transverse sinus; which, moreover, crosses between the 
vent and prepuce in the male, and between the vent and vulva in 
the female. Tlie modified musky odour of the secretion has made 
it soiodit for and vendible, under the name of ^ civet.’ In the 
Suricate and Ichneumon a glandular gh>ssa surrounds the arms. 

In Chiromys and some other Lemuridai^ the anal glands are 
reduced to two shallow cutaneous pits at the sides and upper part 
of the vent : in liighcr Quadrmnaua this trace disappears. 

§ 367, Opening on the tail,- In certain large Shrews {Afyognlm^ 

Macroscedides) the under part of the base of the tail is tumid, 
tlii’ough the development of glandular follicles : these open there 
in a double row in tlie species which, from the odour of their 
secretion, is termed Alyoyalea vioHchnta. 

The caudal scent-gland in the Fox is elliptical, about an Inch 
in length ; it is minutely lobulate ; each lobule consisting of 
clusters of spherical follicles terminating by a sliort duct; the 
orifices of these ducts are on a linear tract, indicated by hairs of a 
dilfe!"cnt colour from tlie rest.^ 

* XX. Yol. iv. p. 183, No. 2803. « lb. p. ISI, Nos. 2797, 2798. 

* ccxxxu". p. 3U9, tab. \iii. 
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§ 368. Ojfrninf/ on the limbs. — In certain Bats {Emhallonnra., 
e. glandular cutaneous sac, exuding a reddish inal-odorous 
secretion, o[)ens nj)Ou the anterior border of the wing, near the 
head of the Innncrus. In SnccA>pteryx (at least in the male) a 
larger sac, with a plicate internal surface situated on the umhu* 
part of the wing, near the idna, opens by a fissure on the upper 
surface of the limb. 

In the one-liorned Kliinoccros (Rh. indlcus^ and probably in 
other species) there is a glandular orifice at tlie back part of each 
foot, situated about tbree inches above the callous sole; it is con- 
cealed in the middle of tlie transverse fold that runs parallel U) 
the interspace between the carpus and metacarpus, ami between 
the tarsus and metatarsus. The gland is of a eoinpresscd ovat(i 
figure, measuring one inch and a half in length, and one ineh in 
breadth : it is hollow, with parictes from two to three lines in 
thickness, consisting of a compact congeries of follicles, sin*- 

ronnded externally ))y a muscular and 
tendinous capsul(.\ '^I'lie external orifice 
may be expanded to a wiiltli of eight 
lines.' 

In most bisuleate Ungulates a similar 
gland exudes its lubricating sebaceous 
secretion from an rwifice at the U])p(‘r 
and fore part of the cleft between tin; 
principal hoofs. In the sheep, fig. 
the gland is elongate and bent forward 
at an acute angle upon its duct, (indi- 
cated by the bristle in tlie figure and 
{vrciiaration). These post-digital and 
interdigital glands, in ungulate (piadru- 
peds, seem to relate to lubricating or greasing the hoofs. 

Tlie most remarkable of the ^jieculiar glands ’ in tlie Mamiiia- 
lian class, and <me that relates most closely to sex, is that which 
in tlie mature male Monotremes sends its duct to terminate in 
the hollow spur jirojccting from the heel. The character is not 
manifested in tlie young animal. A small spur concealed in a 
cavity or socket of the integument covering tlic heel, the bottom 
of w'bieli closely adheres to the accessory tarsal ossicle, exists in 
the immature of both sexes.^ As the young animal advances to 
maturity the mitaneoiis socket increases in width and depth in the 
female, but without any corresponding growth of the rudimeiftary 

V', p. 34, pi. ix. figs. 1 jukI 2. 2 vt)l. iii. No. 21;V2 ». 

' .A vi«‘\v '4' tlio part in flu*, r t^veii in L\xvin'. pi. 32, fig>?. 1 & 3. 
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of which in aged females no trace remains. In the male Or- 
jiithorhynchus the tarsal spur soon begins to rise above the socket, 
jijkI filially attains a length of ten lines Avith a basal breadth of five 
lineSj a[)parcntly everting the teguincntary so(jket in the progress 
1 ) 1 ' its growth. The spur, fig. oOO, c, consists 5fK) 

of a firm semitranf^paront horn-like sub- 


stance ; it is conical, slightly bent, and ter- 
iniiiated by a sharp point ; its base is ex- 




pand(.‘d, and notched at the margin for the 

iiaplantatlon of the ligaments which connect 

the S[)in* with the accessory Hat tarsal l)one 

(vol. ii. fig* 19H </•) The base of the W.J 

spur is covered by a tbin vascular intcgu- 

inont. The spur is traversed by a canal 

which commences at the centre of the base 

and terniinates by a fine longitudinal slit, 

about one line distant from the point, closely jl 

ivscinbling in Ibis ros|)ect the canal that tra- p 

v('rses the fioison-lang of tlie venomous snake. 

Like that weapon the spur of the male Mo- ! ; 
notivme is subservient to the transmission ' 
into the wound it; may inflict of the secretion h ^/. 
of a ])cculiar ghind. 

This gland, fig. 500 , Uy is situated at the /''h 
hack jiart of tlic thigh, between the femur and 
the long olccranoid process from the head of 
the lllnila, covered by the integuimmt and 
llui <*utaueous iiuiscle. It is triangular, con- cnnai phini and ?iuir, muic 

. II 111 oj‘iii!ln'!'liyiii'lui.s. LX.\.\r. 

vex aliove, concave below, or toward tlic leg, 
f’nun twelve to fourteen lines iii length, seven or eight lines broad, 
and three or four lines thick, with a smooth cxteiaor, invested by 
a thin (‘apsiile, on the removal of which the gland may lie divided 
into a number of small lobes. Its intimate structure, as displayed 
by a successful injeediou of mercury, is minutely cellular; the 
exerclory duct is continued from the concave side of the gland, 
and small clusters of vesicles are developed from [larts of its 
ex|)anded commencement. The duct, which is about a line in 
width and with pretty strong tunics, descends straight down the 
bade of the leg, covered by the flexor muscles, to the posterior 
])art of the tarsus, wdierc it suddenly expands into a vesicle, ib. 
Jippli^'d to the base of the spur, and a minute duct, ih. c, is cuu- 
tnuied from it into the canal which traverses the spur. 

The tarsal perforated spur and its glandular apiiaratus arc both 


(’rural Klaud and ?iuir, male 
<)nii:ln*!liyjii-lui.s. lx.wi'. 



640 citKATOMY OF VERTEBKATES. 

- ; a'-' • 

relatively smaller in the male Echidna than in the Ornithorhyn- 
chus, Tlie gland is situated lower down, in the popliteal region, 
between tlio insertions of the deep-seated fasciculi of the adductor 
femoris and the origins of the gastrocnemius ;^t is of subsphericul 
form, about the size of a pea, with a smooth exterior ; the excre- 
tory duct, mde at the commencement, soon contracts into a fila- 
mentary canal, which again enlarges to form a small reservoir for 
the secretion just above the base of the spur. The duct is 
accompanied and partly covered by the posterior tibial nerve. 

The spur is a round, curved, sharjvpointed cone, traversed by 
a canal, continued from the reservoir, and opening on the convex 
side of the spur a little way below the pointed extremity. 

The true nature and use of this apparatus has not yet been 
determined. Its close analogy with the poison-apparatus in other 
animals suggests a corresponding function ; but no w^cll authenti- 
cated case of symptoms of poisoning consequent upon a wound 
inflicted by the s])ur has been recorded : it seems on the contrary 
that the Ornithorhynclius possesses not the instinct of availing 
itself, when attacked or annoyed, of a weapon so formidable as, 
upon this theory, the spur must be.* 
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CIlArTEU XXKVII. 

OLNKh'ATlVK OK(5ANS OF MAMMALIA. 

()i TWAUn eliaructers of sox aro least rnarkocl m JJssrnc(ipfuil<r, 
To distinguish tlie nnile from the female Mole, Shrew, Hedgehog, 
Sloth, llodent, requires elosc scrutiny, if not dissection. The 
male Mouotreme is known hy his heid-spur; tlic female Marsu- 
pial bv her jiouch and by lier smaller (in Kangaroos much smaller) 
iiV/A\ Among Cvtttviui the tusk distinguishes the male Narwhal, 
and the larger head the male Chudialot: in Seals the canines are 
usually larger in the male. External parts f>f generation are 
conspicuous in other Gyrencopluihu Jlesidcs these, most Kuini- 
nants have sexual characters in the horns, cither by their j>resenc.e 
or greater size ; tin; Stallion and Hoar have the tusks: these by 
their greater length distinguish the male KIe]>hant, especially tlie 
Indian kind. In tbe C(trnii:>orn the male is tho strongest: tlie 
Lion is dignified by his grand mane. Tire larger canines, w^ith 
gn'uter general siz(s mark the male sex In most Qiiatlnimfina U]) 
jo and imdnding the Gorilla. Besides some ditfereiices in size 
and )>roportlons of body, developments of liair are tbe outward 
murks of sex iu IJitnfata, 


A. MALE (UtOANS. 

In tlie Mammalian class the testes attain their most compact 
form, with most definiteness and finisli of jiarts, in unravelling 
which anatomy lias surpassed itself, cbietly upon the glands as 
they exist in Man, from wdiicb type of testicular structure there 
is no essential departure in the low-er orders. The peritoneum 
adds a serous layer to the proper sclerous covering of the gland: 
and when tliis jiasses, as in the niajonty of Mammals, out of the 
abdomen, it pushes before it another portion of i>eritoiieum, wdiich 
becomes reflected after the manner of serous inendiranes, to form 
Ibe ‘ tunica vaginalis testis.’ This, how ever, is an accidental 
icljurict, dependent mion the ‘ descent of the testis.’ The con- 
stant and jiroper coveidng, ^ tunica ulhuginea,’ consists chiefly of 
the white sclerous tissue; the sjicrmatic vessels ramify therein, 
<^“<l)Ocially the veins, so locally as to facilitate the separation of the 
tnnic into an outer dense protective layer, and an inner laxer 
Inyer^ the scat of the minuter subdivisions of tho arteries proceed^ 

VOL. in. T T 
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ing to, and of the veiuilea i-ciuvning from, the eBsential parts of 
the gland. ProccBScs of the inner layer, resolving into areolar 
tissue, convey the vessels into the gland-substance, and partiti<ni 
that substance into lobes: a denser layer is continued from the 
line of the albugineal tunic perforated by the testicular vessels, 
and projects some way into tbc gland: it is called ‘ corpus High- 
inori,’ or ‘ inodiasiinum testis,’ and varies in longitudinal extent, 
and depth of position, in different Mammals: in Man it is limiteil 

to tlie tract, fig. 501, /y, 
along which the reticu- 
late ducts emerge or he- 
come ^ efferent.’ The 
cavities in which tlie 
sperm-cells aie deve- 
loped, fig. 514, have th<^ 
fi>rm of tubes, of a diii- 
incter of from -- to y.',,, 
t)f au, iiudi, minutely aiid 
e X I e nsi v el y c< n i vo I utet 1 : 
from two to five of s\ieli 
tidies, averaging two I’cet 
in length iu the luunjni 

r> 

toslis, are pa<‘ked into a 
long jiyramidal lobule, 
invested by a process of 
the inner albugineal tu- 
nic. : and the sum of tlu*s(‘ 
lolndes or packets of se- 
miniferous tuliules forms 
the glandular part of the 
testis, fig. 501, a,(u. The reticulate intercounnnnication uiaai- 
Tested in the wider speniu)geTious tracts of the milt of lisli (voL 
i. j). 5Gf), fig. 379), prevails iu the more finished and thuk- 
coated seminal tuliules of Mammals : and, where*, such becoiue 
free, they have hlind eiuls. From the lobules the tulmics eiui- 
verge, anastomosing, but with straighter course, to the media- 
stinum, and there form the jilcx us called ‘ retc testis,’ ib. h. From 
this the ^ vasa efferentla,’ ib. r, r, emerge, and enter the u[»pci 
end of the appended bo<ly called ‘ epididymis,’ ib, //, //. Here the 
convoluted disposition of the tubule is resumed, and from ten to 
twenty groups, called ‘coni vascnlosi,’ resembling, save in the 
greater width and less length of the tubiili, the lobes of the testis, 
combine to form the head or ‘ globus major,’ rf, of tlie epididymis. 
Tiy repeated anastomoses there, a single tube rcsult>s, the traiis- 


501 
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versely dispovsecl convolutions of which, form the rest of the epi- 
didymis: at its lower 2 )art the tu})e naturally untwists, and inenjas- 
ing in size, ib. y, i, becomes the spennduct or ^ vas deferens,’ It, 
In Man and many lower Mammals another feat ure of the s))ermo- 
genous tract is commonly shown in the e{)ididymis by the offset 
and blind termination of one or more tubules, as at h, fig. /301, 
The epididymis varies in relative size and position to the testis 
in different Mammals. In all, the semen is conducted, in coitu^ 
by a niiigle intromittent organ traversed by a complete canal, 
which may bifurcate at its terinination in tlie lowest members 
of the class. Accessory secretions arc added to the semen at the 
beginning of the urethro-scminal canal, ])y glands called ^ vesi- 
cular,’ ‘ prostatic,’ and ^ Cowperian.’ But these do not coexist in 
every spticies, and the varieties in regard to their presence ami 
develoi>mcnt, as wcdl as in the 
structure and muscles of the 
introuiitleiit organ, are the chief 
elements in the coiK'paratlve an- 
lUoiny of the Mammalian male 
generative organs, 

§ 36t), In Monotremat.a,-- 
Tliese arc true M esticonda:’ each 
testicle, fig, 502, (?,c, is situated 
iinniediately below, or sacrad of, 
the kidney, ib, and is siis- 
pended to that gland by a fold 
of ])eriloncuin ; the same fold is 
eontinued to the neck of the 
bladder, inclosing the vas dc- 
feiens, fig. ,'508, which ajipears 
to be thick and simple, hut 
when injecderl and dissected, as :it 
./» fig. 502, is seen to lie slender 
and dis])osed in a series of close 
transverse folds. In neither 

✓ I . , ri 7 • 7 Mah.Mii*gans, Onitthorhj McliUrj. LAXXi". 

y^nnihorhynchus nor hvliidna 

is there any disparity of size between the right and loft testicle. 
I'he vas deferens emerges from the upper and inner part of 
the testis c ; and, from the peculiar extent of its transversely 
folded dispofiitio?!, seems to prolong the epididymis nearly to tlic 
oeck of the bladder ; the folds gradually diminish, and the duct 
Itself enlarges, as it approaches its papillary termination , wliich is in 
the bcgimiing of the urogenital canal, This canal is continued 

T T 2 
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through tlio pelvis jind terminates in the vestibular passage, anterior 
to the orifice of the rectum, q. The vasmilar tissue of the jienis 
eommonces at the termination of the urogenital canal ; it is sepa- 
rated by a median septum into two lateral moieties, and both are 
ineloscd by a common d(*usc fibrous sfiealli. The whole j)enis in 
its collapsed and retracted state is about fiftecu lines in length in 
.Evliidutt, and is eoneealed in a large i)re{)utial slieath. The ter- 
minal half of the penis is formed l>v the ghuis, which, in OruU 
tliorhi/nrltds, presents a <|nadrihitoral form, /, and is traversed by a 
median longitmlinal furrow upon both the upper and the under 
surface. Its exterior is beset with uimierous short and hanl 
epidermal spines: its extremity is bifurcate, and each lol)e is 
directed outward, and tt‘rmIuate^ in throe or four spines, il). /f, 4, 
much larger, Imt st)l'ter, than the rest, and wliieh are usually re- 
tracted in a depi'cssion. A longitudinal a/vgos ‘ levator ’ muscle 
runs along the uppia* surface of the penis ; it ai-iscs by Iwo lateral 
sli])sfrojn the iiilenial stratum, ib. //. of the jn'otruslvc s[diinet(‘i', o. 
Another longitudinal, l)iit loiiger and more .^lender inus<*le, 'the 
^ retractor jamis,* il). />, arises iVom the base ol* the coccyx, and is 
inserted into the origlii of the |)cnis near the termination of tlit; 
urogenital canal, 'fhe urethral eanal of llie penis begins by a 
small orifice at its root, <a>mmnn!eatiiig with the termination of 
the urogenital passage, and l»y the combined action of the last de- 
serihed muscle with the ‘ s[)hincter cloaeie ’ it can he brought ititv> 
eontacT with the terminal papilhe of the s))ermdncts. Such tein]*o- 
ra)*y continuation ol* the urethral and seminal passages tak(‘s |dai (; 
during the vigoi'ons muscular and vascular actions of the parts /n 
coitfif tin; semen being tlien propelled from the one ahmg the otluM* 
without escaping into the cloaca. Under ordinary circminstaiu'cs, 
as when the urine is transmitted along the urogenital ])assage, that 
fluid esea})e.s into the vestibule, and may tliere he blended, as in the 
lilrd, with tlic rectal excrement. The seminal urethra, eommenc- 
ing by the distinct aj)ertnrc above des(*ril>ed, is about a line in 
diameter, and continues single to the middle of the glajis, whore it 
divides into two canals; each hraneJi runs along the middle of the 
bifurcation of tlio glans, and, when arrived at the has<*, of the large 
jiapilke, subdivides into smaller (dniimels eorres|M>nding with the 
number of the smaller ones, and ojjeiiing n|)()n tbeir apices. If tke 
canal of the penis were slit open along its iiiidor jiavt, and thus 
converted into a groove, the male organs of the Oriiitliorhynelius 
Avould he like those of a Tortoise ; and although the Mamma- 
lian type of intromittimt organ is manifested liy the complete- 
ness of the urethral eanal, a rcsciublanoe to that of Lizards is 
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evinced in its bifuvcalioTi, corrospondinj^ with that of the glans 
itself. Tliat the existence of a |)(*iiis is essentially related to the 
sexual organs and nut to tlie renal, is sinj^ularly illustrated l)y 
tlie: complete sei)arati()n of the nro-iirethral from the semino- 
iirc^tliral ])assaj>’es in Mtmotrt'mfif.a, Tlie modifications by which 
tlie male organs in tlie Echidna dilier from those of the Orni- 
tliorhynchns, arc conliiKMl to the gians penis, which divides into 
four mammilioid [irocesses, rougheneil by minute pajiilhe, and 
terminated by a dejvression in wliiiii is the branch <»f the soniinal 
canal that traverses each [irocess. Cowi>er’s glands, fig. o, /;, 
and fig. 502, //,aro oi‘ large relative size; they are situated between 
tlie base of the penis, tlie arcli of tlie isclunm, and internal part 
of tlie thigh : their seeretion is carried by a long and slender 
duct, ib. ;//, into the seminal nrellira. The physiological relation 
of these glands to such a canal is clearly illustrated by their 
jiresonce in the Monotremes, and by their absence in the oviparous 
animals which have merely a seminal groove. 'J'hen' are neither 
jirostatic nor vesicular glands. It is piaibable that the spurs, in 
iho male .Monotreme, fig. 500, c, may relate to the sexual act, as 
holders or stimulators. 

§ 7;/ MarfiirjdtiJin , — In ]vf/enrcj)]iahf the testes, whi(‘li 

are still abdomina l at the time of birth, descend, soon after the betiis 
is transferred to the pouch, into the external |)ednnenhite jire- 
pciiial serotnm ; the canal of (‘ommunieation between the abdo- 
minal cavity and the tuni(*a vaginalis is long and narrow, but 
always remains pervious. The tiibuli tt'stis are relatively 
smaller tlian in Moiiotreiiies, but tliecurims Miglimori is near tlio 
siirfai^e and ii]»per |)art, M(»t at the centre, of the gland. The 
e|Mdidymis is large, and generally loosely atta(*hed to the testis. 
The sp(M*matozoa of the Eerameles have a single barb at the base 
<»1* the head, which is sub-elongate and eoiujiressed ; in other 
respects, as in si/e and jiroportlon of the filamentary tail, they 
nsemble those of the liabbit. Neith(‘r in the Kanganu*, Plia- 
hrnger, nor Dasynre do the spermato/oa presemt a s|>iral head or 
any noticeable deviation IVoni tlie characters of the sjicrmtitozoa 
iu the smaller placental quadrujieds : those of the Dasyiire have 
a node at the base of tbe bead. The s[>crmduct passes along the 
hdundibnlar muscular sheath formed by the cremaster as far as 
l^he abdominal ring, llieii bemls downward and backward, external 
to the ureter, and terminatos, fig. 503, tu at tbe eommeiuMnnent 

the urethra, at the side of a longitudinal venimontanal ridge. 
1 here are no vesicular glands. 

As tlie part oj‘ the urethral canal inmicdiately succeeding tlie 
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termination of the .speniulucts is the homotype of the vagina 
some modification of this part migiit he anticipated in the male 
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corresponding with the ex- 
traordinary form and deve- 
lopment which characterise 
the vagina in tlie female : 
accordingly wc find that the 
prostatic ti'act of tin? ure- 
tlira, ih. It, is proporlioinally 
longer and wider in the Mar- 
supial than ill any oilier 
Mammal. It swells out ini- 
mediat(‘ly beyond the neck 
of the bladder, and then 
gradually tapers to its jiinc- 
tiou with the sjmiigy part 
of the urethra. Its walls 
are thieV, formed l)y an ex- 
ternal thin stratum of nearly 
transverse muscular fibres, 
and by a thick glandular 
layer, tlic secretion of which 
exudesby innumerable pores 
upon the lining mcmhrauo 
of this part of the iiretlira. 
In a male Kangaroo I Ibinul 
that a glairy mucus followed 
coinpre.ssion of this rmisenlo- 
yirostatic tract of the ure- 
thra: the canal itself is but 
slightly dilated. 1'hree pairs 
of C-bwperian glands, ih. c, 
Cf c, pour their secretion 
into the bulbous part of the 
urethra : the upper or proxi- 
mal pair are not half the 
size of tlie two other pairs 
in tlie Kangaroo, hut arc 
relatively larger in the 
Koala and other Marsu- 


pials: the two lower pairs are situated, one on ea(*h side the 
.1^ division, c, (?, of the bulb of the urethra ; their ducts meet 
and join, above this part, with the duct of the smaller gland : each 
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o-laiid is enclosed by a muscular capsule. The penis consists of 
ji cavernous and a spongy portion, each of which commences by 
two distinct bodies. The separate origin of eacJi lateral half of 
the spongy body constitutes a double bulb of the uretlira, ib. e, c, 
and the ‘ accxderator urirne,’ as it is termed, undergoes a similar 
division into two separate museles, each of which is a|)pr()priated 
to compress its particular bulb. The two bulbous process(?s of 
the corpus spongiosum soon unite to surround the urethra, l)ut 
again bifurcate to form a double glans penis in the muIti{)arous 
Marsupials, in which most t)f the ova arc impregnated in both 
uvaria, as e. g. in the Phalangers, l\.‘raineles, Opossums, /», 
lig. 504. In the uiiiparous Marsupials, as the Kangaroo, the 
glans penis, fig, 503, /*, is single*. 

The intermediati*. strin-tures of the glans between tluj two ex- 
Ireaues above instanced are preseiilcel l)y the I Ursine I)a>syurc, 
Koala, and Wombat. In the Koala, fig. 503, n, the glans penis 
terminates in two semicircular lobes, and the urethra is continued 
hy a. l)ifurcateel groove along the mesial surface of eaeli lobe, lu 
the Wombat, ib. (\ tli(*re is a similar expansion of the uretlira 
into two divergent terminal grooves, but the glans is larger, 
cylindrical, and jiartiall}' divided into four lobes : the chief pecu- 
liarity ill this part of the \Vombat is the cajloiKS external membrane 
ol‘ tlic glans, and its armature of small reeurv ed, scattered horny 
spines. Tlic small rctroverted papillie on the infundibuliform 
glans of the Koala and on the bifurcate glans of the Phalangers and 
Petanrists are not horny. In the l^traim lca /(if/otis not only is the 
glans bifurcate, but each division is perforated, and the urethral 
c.uial is divided by a vertical septum Ibr about half an inch before 
it reaches the forked glaus : from the septum to the bladder the 
carnal is simple, as in other Marsupials. Tlie divisions of the glans 
in the Opossums, fig. 504, /», and Phalangers are simjdy grooved. 

The corpus eavernosuin penis eommonces by two crura, figs. 
o03, 504, r/, d, ncilhei’ of which have any immediate attachmeut 
to the pelvis. Jii the Kangaroo these crura, and the two bulbs of 
tbe corpus spongiosum, soon unite to iorm a single cylindrical 
body, the blended eavernous and spongy structures forming the 
pin hdes of a canal which nearly follows tlic dii'cction of the axis 
of the penis, and contains or constitutes the urethi-a: a transverse 
^^octiou of the corpus cavernoso-spongiosum thus resembles a ring; 
hut the lateral erectile tracts are separated by two verti<*al septa 
wliich extend from the central canal, the one to the dorsum jienis, 
1 ho other to the inferior wall; in this ease there is no definite 
ooinnienccment of the glans penis; its termination is that of the 
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corpus cavernosiim, the urethra, with a corpus spoiifriosuin, pro 
jecting and opening heneatli the apex. In Perameles^ 
Pliascularctus, and Pliascolomi/Sy the cor|ms spongiosum maintains 
its character for a greater extent, and may be more distinctly 
recognised as forming tlie i)roper wall of the urethral canal, which 
sooner becHunes superficial, and the glans penis is better defined. 
In the Kangaro(» and Totoroo, the ‘ erectores penis,’ fig. oOIi, d, f/, 
arise by a tliin fascia from near the lower j)art of the symjdjysis 
pid)is, soon l)ccoine fiesliy, and inci-casc in thickness as they pass 
outward: eacli muscle then returns upon itself, at an acute bend, 
to grasp the crus jienis, and terminates in a strong tendinous ex- 
])ansion at the junctum of the cavernous with the bullions strnctines. 
The " retractor penis,’ figs. d04, //, 7 , arises in the Kangnroo 
from the middle of the sacrum, and divides into two muscles, 

l>ehind the rectum, opposite 
the dilated commencement 
of the m uscnlo-jwostat i(*. 
j)art of the urethra; each 
division diverges to the side 
of the rectum, then ])asscs 
to the interspace helwceii 
th(j ?*c<*tiun and roots of the 
jienis, converging along tlic 
lateral and povsterior part of 
the |K‘ni.s, to be inscjted 
with the o|>[)osito muscle ;it 
tlic base of tlic glans. In 
tlio ( )possum ami those Mar- 
supials which, having a bi- 
fid glans, enjoy, as it were, 
a double roHtfs, there is a 
‘ levator penis,’ fig. C)04J\J\ 
wbicli is not present iji the 
Kangaroo. Eaeli portion of this mustde takes its origin from 
the fasc'ia covering the crus penis, converges towards its fellow 
above the dorsum penis, dlinlulsbing as it converges, and termi- 
nates in a common tcinlon inserted into tlie n])por j)art of the base 
of the glans. 4'hcre is another powerful muscI<^ which, tlmugb 
not immediately attached to the penis, must exert in all Marsu- 
pials an important influence ni)on its erection. This is the external 
f sphincter cloa(‘a 2 : ' it is an inch and a half in breadth in the 
Kangaroo, and lialf an irudi in thickness ; from the hack of the 
termination of the rectum it passes over the anal glands and sides 
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of tlic bfisc of tljc penis, inclosing the two bulbs with Cowper’s 
glands and their muscles, and terminates anteriorly In a strong 
fascia aliove the dorsum jienis, so as to eoniprcss against that jiavt 
the veme dorsales. In all Marsupials the penis is bent upon itself 
when [lassive and retracted; with the glans concealed just within 
the cloaca! ajierture, from which it emerges, as in oviparous Ver- 
tcbnitCvS, when the |)enis is turgid and erect. 

§ 871. In Rodmtia. — Here, likewise, the ])cnis is habitually 
rclracted out of view, being strongly bent, in many (e. g. Riyinrus, 
Cnsfor) in a sigmoid curve, with the glans dircicted backward, 
lig. 497, .s*, within a |)repuce, which opens into, or forms ])art 
of, the common passage, ib. //, c, //, in which the rectum, ib. 
terminates, "fbe testes undergo a ])eriodi(*al increase of size 
and ebangt^ of jiosltion, passing from tlic abdomen into a ses- 
sile scrotum, and lading again retracted, al'ter the rut ((‘xc(‘pt, 
]u'rhaps, in J^rporldut) within the abdomen. Besides Cowperiau 
there are prostatie, and vesi- 
cular glands, iisiiallv large: 
l»nt, again, the hvpovidai 
sliow their ex(‘<‘|)ti<)nal elia- 
raeter in the Order by the 
absenec of the latter. In 
the Hare {Lrpns timidns) 
tlie testes make a, more con- 
spicuous ])roniinence tlian 
in other Jlodents, iu their 
scri»tal bags, one on ea(*h sid<> 
tlie eloacal vent, tig. oOo, a. 

The tunica vaginalis retains 
an opening wide enough f >r 
the re])assage of the testis 
into the abdonien, but it 
iulheres to the bottom of the 
sac, the serous memhraiie 
cf which is tbere rcHected 



1>.V a 11)1(1 ii])()n tiu! oiii.litly- <x.v,i'. 

mis, fig, A, /, and be- 
ginning of the vas deferens, ib. p, y. The testes, f, y, in this 
Hgnre, have been dissected from the scrotum and tunica vaginalis. 
1 he epididynns is extended beyond the testis, as at //,/, before 
being re<luced and reflected as ‘ vas deferens:’ the sperm-ducts 
enlarge at their termination between the urinary, c, and j)r(»tome- 
h‘al, d, bladders, into the latter of which tli(‘y open, very near 
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its communication >vith tlic nretlira. The protomctra,* rf, has tli’m 
walls, except at its terminal nock, where it seems thickened by the 
adhesion of prostatic follicles, opening by distinct ducts into the 
urethra. The Cowperian glands lie at the sides of the musculai* 
tra(*t of the urethra, and open into it. The penis is short, consisting 
chiefly of a ])yramidal pointed glans; it is cx}M)sed at /v, in its 
prepuce, whicli opens into the subanal fossa, into wdiich tlio 
pn'putial or ano-jireputial glands, /i, Z, exude their firm sebaceous 
secretion. The ‘ ercctores penis ’ arise from both pubis and 
ischium, and are inserted chielly into the outer side of the ‘ crura 
corporis cavernosi : ’ the ‘ levator penis ’ arises from tlie symjdiysis 
])iibis, and is inserted into tlie glans by a small tendon, passing 
along the dorsum penis, over the convex bend, which it straightens 
wlicn the j)Ciiis is extended in erection, d'he Jhibbit diffci's from 
the Hare cblefly in tlie larger relative size of* the protonietral 
vesicle, wdiich also more commonly shows a bilol>ation of tlie 
base: its terminal orifice, in the uretlira, is transverse and ere- 
seentic ‘ as if bent round the swellings of the verumontannin.' - 
.Lfff/omf/s resembles in its male gen(n*ativ(‘ organs. 

The vesi(‘ular glands are present, but small, in the Seinrine 
family. In the grey Sipilrrel they are slender, somewhat elon- 
gated bodies, bout n[)ou tlie l)ase of tlui prostate, tbrongb the 
substance of whieli their com])ara(iveIy long ducts jiass, together 
with tlie vasa deferentia. Tin? prostate is a relatively large 
clongjited com|)act bodv, loijsely attaidicd to the jiosterior part 
of the neck of tlie bladder and muscular part of the nrcthrji. 
C-owpers glands are also relatively of large size ; they are situated 
at the sides of llie rectum, of a rounded conical form with the 
base lient forward upon the ajiex, from wdiieh a long, thick duet, 
with glandular parietes, is continued into tlie bulb of the urethra. 
The diminutive size of the so-called ‘ vesicuhe semiiiales’ is not 
comjiensatcd by a dilatation of the vasa deferentia, as might have 
been exp(?ct;cd bad tlicir office been to serve as a reservoir for the 
secretion of the testers, but liy the magnitude of the otlier glands, 
viz. tlie [irostate and Cowper’s, the admitted rnnetion of wliich is 
to add some ace(‘ssory fluids to the semen ; and the Squirrels do 
not differ in the mode or duration of the aet of eo])ulation from 
other Rodents in Avliicdi the vesicular glands arc largely develoi>ed. 

In the Poraaipine (/y//AZ/vj; ‘ tunica vaginalis testis’ 

adheres to the scrotum and abdominal ring by so much and so 
lax areolar tissue that its inversion Avitli return of the testis to 

• ccxxxA'r, vul. ii. p. H>7 (not.-). ‘ I'li-rns iria.sculinns,’ ccxxxvrii". |){ihsini. ‘ Coi’- 

pusoiiliiTii Wrhenaiiuni/ ‘ Vc.sicula prostatica/ ‘Sinus jirosliitinis,’ cexxxix". p. 

* uxxxix". p. I ll‘J. 
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the abdomen is easy. The epididymis, after quitting the testis, 
recedes, and is connected thercwitli for the rest of its extent l)y a 
ibid of serous inemlirane. Tlie prostatic glands are large and 
rainific<l, one on each side the muscular part of the urethra, udtli 
whicli they communicate close to the verumuntanum: the terminal 
orifices of the vesicular glands arc Avider. The levator penis is 
inserted into an ossicle in the glans. The penial hone is strong in 
the Capybara: the vesicular glands iu that Rodent are long and 
large, slightly l)raTiche(l : the prostatic glands are short, broad, 
and thick, consisting of numerous slender ramified cieca. 

In the Agouti aiid Aciiclii (Dnsf/prortn) the testes, during the 
rnt, lie in the periiuxuim, one on cacli side tlie retrovcrteil bend of 
tlie penis; the creinastor is a sacciform (levclo])ment of the inferior 
lii)ros of the obliquus in- 
lernus alxlorninis, which is 
inverted when the testes re- 
Inrn to the alxloincii. Adi- 
pose ap[>endages , e x t on < I 
IVoin the spennath; (.‘onls. 

Tlie vasa deferentia.iig. odd, 
r, c, have usually a tortuous 
course behind the ))ladder: 
they teniiinato in the urci- 
tlira distinct from the duets 
of the vesleular glands, il). 

//., h : these liodics, /, /, are 
long and ramified ; the stylo, 

/, ///, indi(!atcs the urethral 
end of the duct. The jiro- 
static glands, c,c, arc shorter, 
and consist of a fascicule 
of slender cieca, which unite 
and form the short duct 
through which the style, //, 
h. passes. The Cowjierian 
glands, ib. are of a. 

compact oval form, ami send their secretion by a short duct, 
traversed hy p, q, into the bulbous part of the urethra. TIio hulb 
is compressed by its ‘ accelcratoros the eavernoiis crura of the 
l)onis by the ‘ ereetores the ‘ Icvatorcs ])euis,’ which unhcml the 
organ during erection and compress the ‘ veiuu dorsales penis,’ 
rise from the symphysis pubis, and send their tendon along tlio 
dorsum to be inserted into the ossicle of the glans. This part 
is provided with a pair of lateral dentate horny idates, ib. />, h. 
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In the (Ininea-piii’ {(^avm culatja)^ tlie ^ os penis’ is a fhit, 
and slightly curved hone imhedded in the upper part, and 
reacliing as far as tlie extremity of the glans al>()ve tlic canal of 
the uretlira. IJeliind and below the torniiiiation of the urethral 
canal is a wide ])oiich, in the bottom of which are lodged t^\o 
horny styles. "Fills pomdi, during erectiim, is everted, so that 
the liorns protrude eNt(*rnally. Two tendons arc connected with 
the bottom of this [loncli, whicdi rim along the penis Inforiorlv, 
and come from a. thin layer of muscular fibres, derived from the 
ercctores : they invert the |)oueh and draw it back again within 
the glan^ The surface of tin? glaiis is beset with corneous scales. 

This singular armature of the intromilteut organ 
is maximised in the s]>otted Cavy ( (*fvlof/f‘/tj/s 
sffhpfsctfs)^ of which, fig. 507 shows the glans 
beset with short spines, the long terminal liornv 
spikes, and the lateral horny plates, with marginal 
retrovertod serrations. 

Ill Ctiprnnti/!< I found a largo adipose a])])end- 
age attaidied to the ejiididymis. The duets of 
the seminal, vesicular and prostati<‘ glands tenni- 
nate by distinct onli(*es; the fossa receiving those 
of the riglit side being divideil by the veriimoii- 
tanum from the left one. The protometra is 
reduced to a. small cul-de-sac Ixdrmd the neck of 
the bladder; it seems like a blind liackward con- 
timiation of tlie uretlira. septi rated by a ti’ansveise 
ridge from the orilici^ of the bhnhler. The vesi- 
cular glands present a white and glistening ex- 
tei'ior; they arcMd' an elongated f<»rm, with thin 
parietes, and send oil, on one side principally, from lllteen to 
twenty obtuse eaM*al j)rocossi*s. Tlie prostate gland consists <»1 
four ju'incipal Miass(‘s or lobes, <*ach eomjmsed of a nnmlun* of 
Ihittened tubular ea?ca, with thin and easily hua-rahle |)ari(.‘tcs, 
comi>a(‘tod together by c(‘llular tissue. Th(‘ musrular jiart of the 
urethra is closely eniliraeed liy a thick stratum of muscular fihres, 
diverging in a double ohlhiue or penniform manner from a middle 
Jorigit iidinal inferior ra|>h(*: the ‘ accelcratores urinuj’ have the 
usual relations to a large bulb <»f the urethra: the crura perns 
are einbrae.cd by short hut strong ‘ orectores;’ the Vlcvatnres 
muscles, or “ com|>ressor(‘s veiuc liorsalis,’ terminate in a single 
tendon, ]iassing; along the dorsum juniis, to be iusert(*d into an 
oJongated flattened ossicle in the ghins, which, in this genus, is 
* XX. vol. iv. p. 75. 2195, 2199. 
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unprovided ivitli the horny armature which gives it so remarkable 
ii character in the Cavies. 

In tl)C Beaver {Castot' canadeftsis) 1 have usually (bund the 
lestes, fig, 508, r, though small In pro])ortion to the bulk of 
tJie animal, lodged in sul)cuiancous dc])ression,s b(jt\veen tlui 
castor-bags; but with the usual wide opening of the ‘ tunica 
vaginalis,’ permitting easy re- 
turn of the gland into tlie 
iibdoinen. 'fhe tortinuis dis- 
position of the vasa deferent ia 
would favour such periodical 
inovemeiits of tlu3 testes: the 
terminal portion of the du(;ts, 
fig. 508, n, is dilated, or en- 
larged by glandular t]u(!keuing 
of the walls, the iimor siirfaee 
of wldeh is multi])llcate. The 
vesicular glands arc (for Ivo- 
dents) moderate si/avl convo- 
luted bags, fig. 50S, o, y; ; tlic 
<liiet, iig. 500, d, sometimes 
efanimiiiicates with, sometimes 
terminates distiiietly from, the 
eoutiguouf> vas deferens, ib. lu 
The prostatic glands, ib. c, r, 
sire a cluster of sliorter |»yn- 
forin saes, the long slender 

j I • 1 • ' • -M.ilo iL'.'n'or. 

(Incts ot wlueh inteivoinmnm- 

cate befbi’c torininating in the urethra, dlie lu-otoiiudra, il\ //, />, 
*^oon divi(h‘s, after its cmmuuiiicatiou with the urethra, into two 
loi'.g * eoruua,’ which lie on the jcentoueal fold behind tlu* neck of 
the l)l;iddor, mesiad of the vasa deforentia, the course of which 
fhey follow till they become too attenuated for distiuetiou. Tlic 
( (iwperian glands, fig. 508, ///, lu arc of a compact ovid form, 
^itnatod between the. ‘ ereetores’ and ‘ aeeeleratores ’ innseles; and 
^'pening into tlic bulb of llic urethra. The maximised prejuitial 
k'litmls, ib. e, f, and ano-projmtial <,dand.s, y, k, h, i, 1kiv(! already 
been described. 

In tlie Water-vole {Arvicola am}ihiln(i)\\\(i epididymis, (ii>-. j 10, 
.f^<h is eonncctod by lunger ‘ vasa ellercntia ' tban usual witli tbe 
b'stes, ib. e, d. Tlic vesicular jrlands, ib. k, /, relatively larirer 
!• 'in in Castor, arc bent upon tliemselve.s, and subdivided alon^' 
“"c border: each prostate consists of tlireo lobes, il». in~r, or 
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aggregate groups of cieca. The Cowpcrian glands resemble 
tliose of Castor. A pair of long thin glandular bodies openiniy 
into the prepuce^ on each side the ghuis, ib. answer to the chief 
castor-bags, r, /', fig. (J()7, in the Heaver: the hoinologucs of 
fig. 508, arc confluent and surround the termination, fig. 510, r, 



I’f'/l'MJUrl m !iiii] iVuvcr. fPart of I’l. vl. n:xx.vviii".» 


of the rectum .s, and exude their opaque whitish secretu)u near 
the anus. 

In the Marmots the preputial orifice is more dis- 

tinct than in most Ilpdents from that of the rectum : in the Alpine 
marmot the sj)ace of an inch intervenes. The prostates form a 
considerable mass, aggregated into tAvo roundish lobes. The 
incsorchial accumulation of fat is considerable at the commence- 
ment of hitK'rnation. The vesicular glands of the Jerboa (Dipas 
sat flit a) resemble those of the Vole, but are less notched. In 
Ihdamys capensis^ they consist of slightly sacculate pendulous 
bags, with thin walls : the prostatic follicles arc numerous, short, 
and thick: the glans penis becomes singidarly expanded, and 
forms a hollow disedu the centre of which opens the urethra. 

In the Rat and Mouse the periodical enlargement of the testes, 
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fig. 511, C, is considerable the globus major of the epididymis 
lies in the cremasteric pouch, which is inverted when the reduced 


testis returns into the abdomen, 
at their termination the secre- 
tion of the small glands with 
a granidatcd exterior, e : the 
‘ vesicular glands,’ ib. «, are 
lin*go, lobulate, and exude a 
liardish checsc-likc secretion. 
Tlie prostatic glands, />, c, are 
masses of slender subeouvolute 
tnl)(*s. The. C\)wperian glands, 
of the usual com|)act form, lie 
one on each side of the rectum 
and scud their long ducts to the 
Lirge ^ foramen taecuin ’ at the 
urethral bull). The penis has 
its '■l(‘yator’ muscle and ossi- 
cle : the prepuce is served by a 
j)air()f glands secreting a whitish 
mucus. 

The s])crmatozoa of the Mu- 
riflfd liavc the M)ody ’ sha|»ed 
like the bent blade of a knife, 
when viewed in profile, fig. 


The vasa deferentia, ib./, receive 


sio 



Mal< ji'i-r.'ui.a, WatM'Vulo. 


512, A, 15 ; the vibratilo ‘ tail’ is very long: in tlic Squirrel (fig. 
5l;}) the hodv is hunelliforrn, with the snrfaees suhhieoncave, Jiml 
the margin thiekened an- 


teriorly ; the ^ tail ’ is of 
moderate length. It is rcla- 
lively shorter to thebody in 
Ihe (iuinca-]»ig, fig. 5 14, r/; 
ni this figure a portion of' a 
tnl)ule of the testis is mag- 
oliicd .‘K)0 diameters, sliow- 
hig the basilemnia n, its 
1 iiiiu g ( preei j)it ate ) of uucle- 
iUe eorpnselcsaTulgrauules, 

• with the developed nu- 
clei of detached cells, foriu- 



the spermatozoa, 

§ 4/2, In Insect ivora, — The periodical enlargeiueut and 


* As iii.binls ; soe vol. ii. p. 243, ;uid xx. vol. iv p 71). 
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‘ descent ’ of the testes arc better marked, perliaj)S, in some Insiff% 
^’>12 tiooi'a than in Jio(hnfia. In December the 



testes of the Mole lie on each side of the uri- 
nary bladder, with the inverted erema.sieri(; 
])oiich attached to the great eiulof the cphlidy- 
mis: in Mandi they are protruded into serous 
sacs, which look like a continuation of the 
abdominal cavity beneath the base of the tail. 
The pi'ostatie glandvS, which b(^gin to increasi* 
in February, acquire an enormous size ami 
conceal the urinary bladder towards the latter 
end of March. Tlie Cowperian glands lie 
beneath the integument above the root of (he 
tail, and send tln ir duet to terminate in the 
urethral Imlb. d'he penis, bent baekwanl 
upon itself, terminates in a very long conicjil 
glans with an o.'^siclc, lodged in a preputial 
sheath, which projects freely, a short ilistam'e 
below the amis. In a {hi|)e-mole ( (Vin/so- 
chloris) I found the testes near tljo Ivldm^vs; 
l)iit tlie convolute course of tlie vtisa defereii- 
tia indicated tlieir pei'iodical movements. The 
accessory glands are better di(ferentiat(Ml into 
Meslenhir' and ‘proslatic' than in TaljHt, 

In the I ledge-hog the vesicular glands, 
which become enormous at tlie rut, lie 
mainly behind the urinary bladder; the 
flattened mass of ])rostalic. glands rises in 
iront; tiny are supported by folds ol‘ perito- 
neum. The Cowperian glands, as in th(‘ 


Moh\, are extra-pelvic, behind the ischia, and accordingly r(‘anh 


',13 the urethral bulb by very long duets. The j)eiiis 



is long and bent when at i*est. There are two 
‘lovatorcs’ wliich rise from the ischial tuberosi- 
ties behind the ^ creertores : ’ ])assing along the. 
sides of the jxmis, their tendons meet upon the 
^ dorsum ’ near the reflection of the Jong prcfaice, 
crossing the ‘ vena dorsalis’ and inserted into the 
‘ ossiculum ghindis’; the urethra ojiens upon a 
special ]>rocess which [irojects lieyond the main 
body of the glans. In the Shnnvs, temporary 


receptacles in the periruemn receive the enlarged testes during 
the rut; Imt do not project, as a scrotum. The e[»ididynm’ 
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extends round two-thirds the circumference of the testis. The 
tgriniiml half of the sperrn-diict is dilated, like a uterine horn. 

In a proboscis-shrew ( Tihynchocyou) the testes, fig. 515, t, have 
;i long epididymis, r, terminating in the usual convoluted vas 


r>M 







V of .4 tulmlf Ilf llii-’ 4;iiiii«?n-i>i»r, with "iiivriu-ci.lls 

tv.xc. itagiiill<-d ;t*H» iH'hioim.m.! 

tlel’erens, f/: lar^e (aiuoloincratc vesicular 
ami ])rostatic glands, y, y;, extend along 
the uj)per half of tlie elongate muscular 
part of the urethra : a pair of small t ajw- 
porian glands, t\ c, opei* into the bulbous 
part: this is grasped by a strong ‘ acce- 
lerator,’ A, h. Above the ‘ crura <!orp()ris 
<*avcrnosi ’ are the ‘■ levatores penis,' /e, k, 

Tlie glans is nearly half the length of the 
penis; its termination is suddenly a||^enu- 
ated, with a crenale l)order and a fila- 
luentary a])pendag(i: there is no ossicle 
in this or other shrews. 

In the Bats the prepuce is relatively 
longer in its freelv projecting jnirt than in 
Moles and Shrews, ami tiie penis is pou- 
<lulous. The glans oHers odd modilications 
ni some sj)ecies : a lateral pair of ]>romi- 
nences extend its u])|)e.r surface in I'W- 
inrtdio srrothniSy tlie lower surface being 
<*arinat;e and j>roduccd into a hirsute ]>oiiit 
111)011 whieh the urethra ojieiis. In Galvo-^ 
pitkeens the glans sliows two lateral longi- 
^nditijd prominences wJiich do not extend 
fo the j)()inted urethral termination. There 
an ossiculum penixS in Pteropus: thcxse fur- 
givorous bats have largo vesicular glands. 

§ d73. In liruta . — A long epididymis characterises the testicle 

HI. i; 
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in the Armadillo : the tubuli testis arc relatively large and 
disposed in narrow oblicpic folds beneath the tunica albuginen. 
The testes lie above the brim of the pelvis: they appear not to 
pass out of the abdomen, for the vasa delereiitia are short and im- 
convolule : these, converging behind the bladder, penetrate a coin- 
pact triangular prostate (or protometra?) : there are no vesicular 
glands. The (.\)wperian glands are situated behind the ure- 
thral bull) : each has its muscular capsule. Two ^ levatores’ arise 
from the symphysis jmbis and send a common tendon to tin; 
glans penis. The preiiutial sheath is of great extent, and tin; 
reflected membrane is coloured hy a dark pigment. The {x^ius 
has a disjiroporlionate length, in relation to the mechanii^al 
obstacles to coition presented by the hody-annour. The testes 
are constantly abdominal in the Anteaters and Sloths, llnuter 
notes that the ducts of tlie vesicular glands of the Anteater ojum 
into ‘the urethra by a separat<; sulcus from the common canal/' 
There are no vesicular or prostalic glands in the Sloth. ‘ Tin- 
penis is a short flat body inclosed in a ]>repuce which is within 
the verge of the anus. It is not above two-tenths of an iiudi in 


61 G 



length, and terminates in an 
obtuse point. It has a groove 
whi(di runs along Its under sur- 
iace, and whi(‘h makes the ptunt 
somewhat forked.' “ 

§ 374. In Cetacea* 1 1 on; t he 
testes arc abdominal, situaterl at 
the hinder part ol’ tlio cavity 
between the great (lej>r(‘ssor 
muscle of the tail and the 
transversal is abdominis: they 
greatly augment in size at the 
rut, hut do not change iti posi- 
tion : in their (piiesccnt state 
they assume an elongate form, 
fig. .516, a^ and the epididyiui^? 
h, extends nniisnally far in ad- 
van<*e of the gland itself. I he 
vas deferens, r*. has a short tract, 
Init is i;onvolute. Tlicre are 


M;.lo org.uj.-, \n. 110 VCsicuhir ghiuds. TllC pi’OS- 

tatic part of the urethra, ih. 

A, is surrounded by a thick capsule of muscular fibres. I ho 
protometra is reduced to a small, elongate <‘a;cimi, fig. ol7, 


* ccxx.wii. vul. ii. J». 182 = lb. v^l. ii. p. 180. 
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concealed in tlic prostate, and opening by the usual (ransverse 
crescentic slit, ib. c, into tlie urethra, between and a little be} ond 
tlie terminal orifices, ib. &,/>, of the sperm-ducts. 

'('he i)enis c(>nnuences by two cavernous crura 
inclosed in strong ^ ercciorcs,’ arising each from 
the loosidy susjiended ischial ossicle of tlic same 
side. The crura coalesce into a single cavern- 
ous body surrounded by a very thick sclerous 
sheath. After the junction of the crura the 
j)cnis, in DrlpliimdfV^ <loseribes a close sigmoid 
curvature, before terminating in the long, 
straight, gradually tapering ghius. The eorj)us 
spongiosum, eominenecs by a bulbous expan- 
sion, fig. 018, /, embraeed by the ‘accelerator 
tihres,’ //; but degenerates into little more than 
a (‘lose venous plexus as it jienetrates, in the 
ror])oise, the corpus cavernosum ; it then 
emerges and extends along the under part of 
the corpus cavernosum, to re-expand into (ho 
venous jilexiis surrounding the tuberous basis 
of the glans. 'fhe upper part, or dorsum, of the cavcu-noiis body 
is orooved for tlie lodgment of 
(he ple*xifbrm vena dorsalis. I n 
the miexeited state the [lenis 
is withdrawn and concealed in 
the long pre])ueo, the orifice of’ 
wliieli is considerably in ad- 
vance of the vent. The retrac- 
tion is effect etl by a pair of 
mnsch's, w/, arising from tlie 
ajioncurotic (annmissure ante- 
rior to the sjdiineter ani c, and 
rurning along the under or 
urctliral side of the j)enis (o 
he inserted into the sclerous 
basis of tlie glans. '^Flie jiro- 
trnsion of’ the organ is aided 
by the transverse fibres of tlic 
^ pannicidns carnosiis ’ sur- 
I’oimding the preputial sheath. 

I'he section of the penis of 
linkR/toptrrn preserved by 
Jlimter shows a single corpus cavernosum grooved above for the 

u li 2 
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veiKi (lorsnHs, and more deeply excavated below for the cor[)u. 
spongiosum urothra?J 

§ 157,). Iti Sirt/iia , — These mutilate Mammals are also ‘ 
eonda,’ but ditfer from the Crtavea in having vesicular glands, ;» 
penis with a ‘ septum corporis cavernosi,’ and provided with a 
pair of " levatores/ whi<‘h unite to form a tend<m iijM)n the 
‘ dorsum/ In the Diigong lat'tcon )^ the glans consists of two 
semilunar sidc-h>bes, including the eonieal ju’oeess, on the aj)('x 
ol* whicli the urethra opens. In a half-grown male the vcsienhir 
<* lauds were four imdios long and two indies across tlie fundus, 
wdiere their glandular ])arietes were thiekest; the internal snr- 
f:i(‘C Avas reditudate. ddie vasa d(*fevcntia were irregularly con- 
voluted : they eomiuuuieated with the duct of the vesit-nlai' 
gland, the common o[)ci]ing l>eing into tlie dilated heginniiig ot 
the urethra, nliich d<*s(‘rlbcs a curve hchiw the vesical oriii(‘c; 
according to 1^ uckart, it receives the t>pening of a lu)ttlc*shapcu 
protoiiictra, ainuit an inch in lengtli.*'^ 

§ 3T(k Ju rrohosridiu , — Tlie testes ri'tain, in the Klepliaut the 
situation in which tlicy were d(^v(d{)]H:Ml, viz. below or heyoiui 
the kidneys. d1i('ir dnets have the same minor degree o(‘ density 
as in Sircuin and other ^ testi(*omla lh(‘y dosiaabe a^ tortuous 
course to l>etween the urinary bladder and vesicular gland, where 
they terminate on a papillary cmineiuT at tlu‘ fundus of a true 
♦seminal bladder, of a [lyrilbrm sba|)<s with tliin Avails and :i 
smooth internal siirl'ac’e. These terminal resm’voirs are in eontaci 
and adliercnt : they (»peii into the? beginning of the urethra 
distinctly from the <iriticos of the vesicular glands. These arc 
elongated and rather contracted toward the <*losed etui, which 
divided by a constriction or septum from the general cavity, with 
wliieli it commnMi< ates by a small canal, 'i'he glandular parictrs 
arc thickest at the closed end, and the inner surface is l>n)kcn 
by decussating coluinmir ]>roccsscs projecting into the cavity: 
their intorspacos extend in many jiarts, like sinuses, det'p into 
the substance of the vesicular Avails : towards the urethra these 
Avails lieeomc smoother. lOach vesicle has a s]>ecial mnsciihir 
investment, for expulsion of its secretion into the urethra. Tlie 
]>rostatic glatuls are two on each side, external to the vesi<-iilar 
ones, and of much smaller size : they are Jilso providtal Avith a 
partial muscular cov<n-ing. A caccal rndiincnt of the protonietra 
extends from tlu^ liase of the venmiontanal cul-de-sac. I kt' 
corjana cravernosa |>enis are divided by ii thit^k sclerous vertical 
partition, and in transverse section present a renifonn figure, with 
‘ XJi. voi. iv. [I, S7, No. if.'xxvix''. }>. H20. 
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the corpus s])oiigiosum and iirollira occupying tlie concavity. 'I'Jio 
veins of the corjjiis cavernosiim an* surrounded by a soft tissiuvof 
inistriped imiscular fibre. The glans penis is ('longate, sub- 
cvlindric at the base, be(*onnng ratlier depressed at tlio end, 
^vhieh is obtuse and rounded. IJesiilos the ordinary niuseles, 
tlieni arc a pair of ^ levatores penis,’ arising from the pubis, send- 
ing their tendons into the dorsum, wlicro they coalesce above tlio 
vena dorsalis, and run along* a shoatli of tlie tliick sclerous wall 
to the ghins. 

^.‘>77. In Pcri.sso(litvtt/la. - \\\ the. l\hinoc(M-os the testes arc 
inguinal, in close ecuitaet with tlie abdominal rings. The tunica 
vMginalis fMnmnnnieates iVecIy with the ]K*ritoncal cavity. The 
testis is surrounded by a strong and tln(.*k * tunica albuginea:’ the 
‘corpus nighmoriamnn ' is eont.inucil in the tbrm of a moderatelv 
tliiek white baud, from tlui end where the e(rcrent vessels pass out 
to form the ‘ caput epididyniidis,’ along thcMvliole longitudinal axis 
of the gland. From this band or centre of the (‘clliilar finnni- 
^vorko^* the gland, the septal layers diverge to all parts of tlie ex- 
ternal tuifnv, forming the eoni)>avtments in whielv tlie lohes of 
aggregated ‘ tuhiili seminiferi ' arc lodged. The hranehes of the 
speniiatio artery, on jicnetrating the tunica allniginea, pass 
<lireetly to the corpus 1 liglnnorianmn, 
and their ramilieutions diverge then<‘e, 
j?Mpportcd by the radiating septa, and 
form a rich network upon the inner or 
Aascniar layer of the eapstde of the 
testis. The vas tleferens in the in- 
guinal canal is surrounded by the ves- 
sels and ospe(*Ially by the plcxifonu 
vein.s of the spermatic chord; <m en- 
tering the abdomen it is received in a 
peritoneal fold, and is conduet<*<l to 
tlie side and llieii to the back part of 
the urinary bladder, jiassing between 
the bladder and tlie ureter: having 
g‘»t to tlio inner side of tlic termina- 
tion of the inadcr, fig. tlie 

'?isa rr/, descend straight, 

^lightly converging, to the middle of 
the back ]>art of tlic prostate, p : 
tl‘ry |)enetrate that glaiid, together 
^'ith the ducts of the vesimilar glands, vs, lying to the inner 
^>d(i of these ; and, communicating with them, the common diu’t 
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on each side finally tcrininatcs by ii inirnite pore upon the (Tuelal 
veriimontamiin. The vasa defertMitia are thickened to about tlirici^ 
their <»rdinarv diameter in the hist three inches of their conrst* ; 
. but their canal or area is not proportionally 

f dilated; it is, on the contrary, rather eon^ 
traded, by the thickness of* the cellulo-olan- 
dular parietes to which the enlargement of 
tlie duct is due. The vesienlar glands, ih. e.v, 
]>rcsent an elongate subcoinpressed pyriform 
shape, eight inches in length, and three inclus 
and a half across the broadest part of tho 
fundus. They have a lobulated exterior, ainl 
a structure very similar to tluit of tbe same 
bodies in Man. The prostate, ib. resem- 
bles that of many Kodimts, being composevl 
of an aggregate of long slender (‘jccal tnhes 
with glandular walls converging to the ducts 
of the vesieuhe and vasa deferentia, ami 
ojKming by numerous minute apertures on 
the verumontanum. The breadth of tlio 
])rostate is six inches ; its antero-|)(>stenor 
(‘xtent four inches: it does not quitch sur- 
round the beginning of the urethra, but is 
^ closely apjdied to the back and sides of that 

Mis .Mj.i i.Ttsiir-. canal. Tbe muscular part of the urethra 
extends about three inches from the prostate 
before ii jiiins the bulbous and cavernous portions, close to which 
are situated two large sul)(!ompresscd oval Cowperian glands, ih. 

r, (\ Kaeh of these measures three iinbos ami 
a half by two inches and a half. The great 

t pl(»xus of veins above the dorsum penis, near its 
root, is enveloped in a mass of elastic tissue, 
I like the ‘ dartos’ of the liuman scrotum. 

The fleshy part of th(i ‘ levatores penis/ flg. 
o2(), /, /, mmusures fourteen inches in length, 
five inches across their basal origin, and he- 
[ tween one and two inches in thickness. Their 
oblitpie origin is extended over the space el 
ApoTof one foot from the ento-pelvic part of the pnhis 

down to the ischium. The tendinous pjet 
of the muscle commences where the pubic ].)orti()n joins iho 
isclilal one at the inner and under border of the fleshy part: 


ApOT of jl'K-ui:*, pmiifs. 
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it is half an inch thick at its (ionunenceinciit, but cxpaiuls as 
It extends alon;j; the muscle, the fleshy lasciculi of which are 
iiis<‘rte(i into the tendon in an obliquely (*ouvei'f*‘in!:^, or senii- 
jjeiiniform infinner. As the tendon auo-ments in breadtli, it 
diminishes in thickness, conVer;i‘jnj^ towards its fellow', wdiicli it 
meets and joins two inches before the anterior tej’inination of the 
Heshy portion. 'Idie two united flattened t(nidons beyond are 
jrradnally eonverled into a round eJiord of ligamentous substance 
an inch in diameter. "Idiis chord, ib. /, /", glides through a strong 
slightly elastic aj)oneurotic sheath, along the median groove of 
the dorsmii penis; it is connected with the inner surface of the 
sheath by a highly elastic cellular tissue; the chord maintains its 
ropelike chara(‘ter along the basal third of the glans, then sub- 
sales, exj)auding laterally, and is finally lost n|)Oii the firm cap- 
snlc of the glans. There is no * os penis.’ A |)air of ‘ retractores 
|ienis/ fig. 520, /, if, are inserted into the under j)art of the base 
of the glans. Tlie nerves of the dorsum penis, tlie arteries, and 
trunks of two large {)lexus(*s of veins, pass l)eneath the bridge 
formed by the coutlueneo of‘ the tendinous and muscular parts of 
the ‘ levatores ])euis’ and bebveen the two suspensory ligaments 
*>f the penis, 'rhose ligaments are an inch in breadth, and one- 
third of an inch in thickness at their origin iron) the iscliio-pnbic 
arch a little in advance of the ligamentous attaelunents of the 
crura cor|)oris cavernosi. The total length of the undistendod 
])C!iis is three feet nine inches ; the circumference of the prepuce 
is one foot five inches. The ])rcputial oi’ifice is two feet ten inclies 
from the vent. The substance of the large reflected j)rcputial fold 
of soft i)it(‘giiincnt, fig. 520, /;, r, is from half an imdi to two-thirds 
of an inch in thickness, and consists of a moderately compact 
cellular coriuin, with a delicate e])iderm, minutely rugose, in the 
transverse direction, and perforate or punctate with the pores of 
the mueons follicles which are very regularly dispersed at in- 
tervals of about a quarter of an inch. The glans penis, ib. ///, 
is a long and slender subcoinpresscd cone with a truncate apex ; 
in its flaccid iindistcndcd state, it is one foot in length : the pre- 
IHice is I’eflected uj)Oii its ])ase at tlie same transverse or circular 
lino, and there is no fnenuin. The apex, ib. is not simple, but 
lesemblcs a luusbroom on a thick peduncle, fig. 521, /, projecting 
f»’oin an excavation at the end of the glans wdth a thin wuill or 
border, ib. c, <?, like a second jircpuce ; but this is of the same 
si ructurc as the rest of the firm surface of the glans. On each side 
^*1 the base of the glans, and rather towards its under part, there 
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is a lonoitiidinal tliick oblong ridge or lobe, fig. 520, three 
inches and a half in length, and eight lines in basal thickness : 
the thick nninded Ireo border of eaih lobe inclines downwards. 
A narrow ridge <*oinmoiices in the median space of the ‘ dorsum 
p-hiiidis,’ which increases in helijht as it advances forwards, nnd 
then subsides two inches from the border of the terminal or aphral 
fossa. The projecting border of this fossa describes a coinj)ress(‘d 
oval, and is attached to the pedunculated af)pcudage, fig. 521, r/, 
by a process, like a friemun, continued upon the mi<ldle line of 
both the u|)per and under surlaces, ib. of the thick peduiude: 
the fossa between this peduncle and the free external border is 
two inches in depth. The stem, /, of the terminal ex[>aii(led 
discoid a))ppndage is subcoinju'cssed with an oval section : the 
disc is ovate, one inch eight lines long by one ineh across its 
broader inferior jairt, where it extends farthest from the su})]K)i t- 
ing stem. The nrethra, terminates In the middle line of the 
disc between its jniddle and n|)per third. 

In the Sumatran 'I'ajdr tln^ base of the glans lias an upper 
lobe as well as one on each side, beyond whicli it is contiiuicd 
forward (‘ontraciting, hut terminates in a truncate surface on 
the middle of wliieh the urethra opens. In the American Tapir 
the orifice is nearer the lower margin of the disc. Idie testes 
are inguiruil,in a slightly indurated sessile scrotum, about fi inches 
below the vent. The accessory glands resemble those of tlic 
Khinoceros. 

The testes were abdominal, below or beyond tlu* kidneys, in 
the Hyrax (If, cnpe/isis) disscctc<l by me: the vasa deferentia arc 
convoluted, like a second epididymis, behind the urinary bladder: 
they terminate near to, but distinct from, tlic ducts of the v(‘si- 
cular glands, at the lower end of the unusually elongated mus- 
cular tract ot* the nrethra: the vesicular glands extend on encli 
side of this canal, their closed ends just reaching the bladder. 
Two prostates, of a tubular structure, are near the duct-ends ot 
the vosiculie. Two small flattened Cowjierian glands coinirniMi- 
catc by long ducts with the wide (•avity of the bulb of the ure- 
thra. The penis is bent ahrn])tly bacivward, and the glans has 
a triint'ate tffrmination. llesidcs tlic ‘ orcctores ’ and ‘ accclc- 
ratores,’ there Is a pair of ‘ Icvatorcs,’ arising from the symphysis 
pubis, and terminating by a single tendon, as in tlie Khino- 
ceros. 

Ill the Horse the scrotum, fig. 522, r/, is suspended between the 
thighs at a distance of about nine inches beneatli the anus, whence 
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it iri prolongod forward, to terminate in the propnee, ib. j\ 

The testis, il). //, is of a sub- 
coinpi*^-‘^ 2 ?(;(l ovoid form, tlic 
cjiididymis, A,/, rather closely 
attiichocl to tlio testis and not 
lon<i;er than the <jjhviHl. The vas 
dererens, m, enlarges at its ter- 
ininai part,ib. o,o,aiuHig.52A, 

r/, hy the development of 
its inner tunic into numerous 
close-set transverse ghvndn- 
liir lamelhe. Tlie vesicular 
glands, tig. o22, .r, j\ fig. o2:5, 

/>, A, are simple bladders Avith 
tlfiri Avails. In tlic transA'erso 
Ibid of peritoiicnm connecting 
icgethcr the enlarged parts 
oi‘the s[)erm-(liicts is situated 
the protomelra, fig. 523, c, in 
tbriri of a slender elongate 
tube, Infurcate, in the Zebra 
niid Ass, at its blind ondd 
The prostates are parenchy- 
matous, and open into the 
iil)per or vesical end of the 
muscular tract of the urethra : 
at the hover end t)f tfiis part 
!ire the OoAvperian glands, fig. 522, ;/, //, Avlnch open into tlic bulb 
of the uretlira. 

The corims eavernosnin penis is (brined by confluence of I'mt of 
tlic two ciMira, into one body, Avitliout verti(*al septuin, ‘ tin ])avts 
composing its cells appear iniiseular to tlic eye, and in a Horse 
just killed they contract on being stimulated.'- Tlie fibrous tissue 
h<'re notleod lies betAveen the vaseular and sclerous parts of the 
‘‘clls. The glans lias tAvo lateral s(‘milnnar lob(‘s, and at its apex 
a central pyramidal process on whicli the urethra, opens. The 
‘crura penis ’ are surrounded by tliick ‘ ereetores,’ having an ex- 
tensive origin, fig. 521, // : Invo strong siisjicnsory ligaments, ib. n, 
]>ass from tlie sympliysis pubis to the dorsum. Ilcsidcs tin? ordi- 
nary muscles, there is a pair of small ‘ levatorcs,’ il>. A, r, sei'ving 
iiiainly as compressors of the vena dorsalis penis, ib. c: there is 

' XX. vol. iv. ]>. 93. “ xciv. p. :Ui. 
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alst» a pail- ot’‘ rctractorcs * arisinj^ from the os coccygis, fig. 522 , 
piissing oil eaeh siiie the sphincter uni, r, then convcigiiig to 
run toiiother along tlie nrethral side of the penis, s, to the base of 
the jirepnce. In tlie castrate horse tliese usually degeneiate into 
eliistii^ solci’Diis tissiio. 

§ ;i 78 . In Artio(lurti/hi.---T\\i} male organs of the Snulcv juo 
ehielly reinarkalile for the cuoriiious (liuelopiiKUit of the (Aiw- 


.vj:i 



perian glands. Tlie testes are perinaial: the scrotum slightly 
projects ; It is not pendiilous. The vesicular ghuids are large, 
lol)ulat(?d, with parenchymatous walls, their ducts terminate dis- 
tinctly from thos(3 (jf the testes. The prostates are small, near 
the cervix of the vesicnho. The muscular jiart of the urethra 
is of great length and the Cowperian glands arc co-exteiided 
therewith : each presents an elongate subtrihedral form, invested 
by a rmuscular capsule; the glandular parietes are very thick: 
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tlie terminal duct opens beyond a transverse valvular Ibid sej>a- 
rating the bulbous from the muscular part of the urethral eaiiab 
The [)eiiis shows a sigmoid flexure, and has a pair of ‘ retra(*U)res,’ 
arising from the hollow of the caudal etid of the sacrum, and 
Inserted at the end of 
tl\e bend next the glans. 

'fliis is triquetral, elon- 
gate and pointed. Tlie 
spongy part of the ure- 
thra, between glans and 
bulb, is reduced to a 
I’iiw veins. Tlie prepu- 
tial opening is near tlie 
navel. 

The Kuminant Artio- 
dactyles are devoid of 
vesicular glands ; their 
ti stes pass into a ]»ed- 
unciilate scrotum. The 

, . Su>iicii!**»ry ligMUicnts anil mii.svlojs of j ll'.ir?**, 

si>erinatic arteries tiirm, 

by their close and numerous eon volutions, a plexKbnn mass, whicli 
is s[)e(!ially notable in the Bull. Tlie vasa deferentia slightly en- 
large at their tonninal ion in the Camel, but are not there ditferent 
ill structure from the rest of the sperm-duets ; they terminate 
upon a broad wrinkled verumontanum, Tlie jirostatf; is a trans- 
versely oblong compact body with a smooth exterior, the secre- 
tion passes by s(‘veral orifices into the tlei>ressions at the 
sides of the verumontanum. C'owper’s glands are of moderate 
size, subcircular, conqiaet in structure, with a thick muscular 
capsule. The corpus spongiosum commences by a plexus of 
veins aife(Jting a parallel course around tlui membranous part of 
the urethra, but convolute in diverse directions to form the bul- 
bous expansion; advancing from which the veins become reduced 
to tw^o or three in nuiulier, runuiug [larallel w-itli each other and 
the urethra. The cavernous part of the penis forms a slender 
cylinder, it extends forward beneath the lliiea alba, closely con- 
uecjted tliercw ith, making a ridge along that part of the alido- 
*idnal surface ; then becoming free and receiving a reflected 
ecu ering of skin, or ‘ jirejmce/ anterior to wdiich usually depends 
» tuft of hair. The glans, in tlie Camel, is long, pointed, with 

apex continued beyond the urethral opening and l>ent back. 

In the Goat, fig. /)25, the dilated terminal parts of the sperm- 
<hiets, have a glandular thickening of the inner tunic. The 
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2)r<,)statos, b, h, have each a small <;oii(ral cavity.; whence the 
duct is continued to terminate near the s})erm-(hu!t, in an oblono; 
deju'ession by the side of the veruniontaniim : on a small fold of 



aiul I'l’iit tTr,(‘tr;i, lio.v. <•( v\\t \”. 


this part is the orifii^e of the protoniotra wliich is (‘ontiimed, Mf 
r, between the clilatecl sp(‘nn-<lii(»ts, closely 
attaclicd thereto l)y areolsir tissue; then di- 
viding into two horns diverging and closely 
apposed to the spcnn-du(*ts, </, as far as 
the epididyiuis, in whicdi they are lost. The 
('owperian glands, on each side, oi>en 
upon the luargiu of a fold at the bulb of the 
urethra. Tlic jwostatic glands in the Deer, 
tig, 520, //, //, are more sl<?rider in pro|)oi'- 
tion to their lougtii than iu the (loat. The 
jn-otometra, r, is reduced to a hardly dis- 
tinguishable trace ; and its cavity, which 
exists iu the embryo, is obliterated at. 
birth. 

/ In the lUill tlie narrow elongate prostates 

are irregularly contorted. The ^ crec'toros’ 
and ‘ acceleratores^^are powerful innsch's. 
The slender ^ rcjtraetch v*s ’ arise tVojn the 
anterior commissure of the sphincter am. 

proputial fidlicles iu luost Rund- 

nants, especially the AntclopCvS ; but only in 
the Muskdeer do tliev attain the size and strmrture descril)ed in 
the preceding chapter. In no hoofed Mammal is there an ‘os penis. 

§ 379. Lt Cannrnnu The outward indications of the male sex 
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nro liarclly distinguishable in the Seal tribe. Here, the testes, when 
oxtra-abdoininal, make no scrotal projection : they arc imbedded 
ill areolar tissue, lietwoen the pubis and the thighs : tlie tunica 
vaginalis communicates freely with the abdomen : the sperm-duels 
take the usual course. '^I'here are no vesicular glands ; there is but 
a small subl)ilobed prostate, '^riie penis makes no outward projec- 
tion: the preputial opening, a l)out six inches in advance of* the 
v(‘nt, is inconspicuous. '^Fhc glans penis is pointed, sujiported by 
ji hone al)out lialf* an ineh long, in Phara vitulina^ into vvhieh arc 
inserted a pair of ‘ retraetoivs,’ arising from the anterior conuiiis- 
siire of the anal sjihincter, Hit? remmint of tin? [notojiietra in 
/V/. cita/ina^ is hut two lines in length ; the orllice behind the 
viaumontanuni is rarely patent. 'I"he t>s ]K?nis of the \\ alrus is a 
massive suheylindrietd l)one, sometimes two feet in length, ex- 
]>anded at one end, where tin? eaneellous strneiure ju-evails.' 

The i('st( s lie under the skin of the groin in otters, under that 
(»f‘ llic jierinieum in civets. TJie scrotum, wh(?rc best developed 
in (^fniironu is li^iiry and less pendulous than in Ruminants. As 
in these, the vesicular glands are absent^: the [irostatic glands 
arc small and compact. The ]H?nis, save in i anUUoy Vii'vrridcCy 
and Hjfccuitf, has a hone. 

In the Rear the sperm-ducts are enlarged and in close contact 
at their terminations, with thick follicular 
walls: beyond this glandular part they retain 
their width, but contract to ojien upon the 
vei’innontaiinm.'' A thin layer of |>rostatic 
siihstanco surrounds the beginning of the 
uretlira. The os penis in Prsns arctos may 
be f) inches in length.^ Jii tlie Subursine 
genus Mrhs a remnant of the [irotometra, 
fig. 527, n, rises between the glandular cuds of 
die sperm-du<*ts, h, h: its cornua arc reduced 
to inei’e filaments, r: the prostate is better developed than 
in IT-sines, especially in the Racoon, in wliicli it is in advance 
ol the neck ol tlie liladihn*. In the Jvinkajou the os penis is 
^idi-bifnrcate at the distal end, wliich is covertxl, as in most 
Snbiirsiues and Mustelines, by the membranes of largo dila- 

‘ xLiv. p. (jiis, No. aaio. 

‘ ‘ lit-s vrsifuli s <'\isifuf; J.-ins Ics ofmtis,* xir. tom, viii. p. IGi*. ilunfcr, 

Iimmvvlt, cxpnvssly nffirms of his ‘ Swnsli,' whioh I (^et:muino»l by tho skull (No. 4(>0a, 
-'ii IV.) ],(, ji (’oatininmli, that ‘ it has ixi vosioala* soiainales.’ coxxxvi. voi. if. 

DO. TIkj sriiao n'svilt hsis Iktm had from sulwipieiit disstvtioiisj at tho Zoological 
tiiiwlciis. ua.xxiu''. 

^ I’cxxxvi. vol. ii. p. 1)2, ifofv I*. 

A fossil specimen of tiiis bone, in Vratts d/iclun/s}, incasuivd niiir inches. 


527 
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table sinuses, and projects beyond the proper erectile tissue of 
the ghins. Besides the usual muscles of the penis there is, in 
Plantigrades, a pair arising from the sacrum diverging to include 
the sphincter ani, and tlmn continued on to the dorsum penis as 
far as the bone. In the Otter the s|)erm-diicts have glandular 
terminations, ‘ Between the two there is a small body or canal 
which enters the urethra at the caput gallinaginis, but not witli 
the vasa deferentia ^ in this reuniaut of the protometra the 
cornua are filamentary, as in Miles, In Mustela ninrfes, also, 
Hunter observes There is a small cavity between the two 
vasa deferentia, at their entrance into the urethra, which Avill 
admit the small end of a small I)Iow-|)ipe; but I could not find 
any natural opening into the urethra.’ ^ 

In the Dog-tribe the scrotum is more prominent than in Mus- 
telines or Plantigrades. The prostates form a j>rotnberant body, 
and exude the secretion by several ])oros at the sides of the vern- 
inontanum. The spongy tissue of the urethra expands suddenly and 
considerably at the base oi‘tliegIans, which has an ossicle: the Idood 
Is thence returned by two ‘ veine dorsalcs penis’: these an' com--. 
])ressed In* the action of ‘ levatores,’ arising from the first caudal 
vertebra, ]>assing one on each side of the anal sjdiincter, then con- 
verging to gain the dorsum ])cnis, crossing the veins, and termi- 
nating at the base of the bullams jmrt of the glans. As long as 
the ‘ levatores ’ retain the stimulus to contract, after coition, the 
distended glans forms a iiiechani(»al impediment to retraction of the 
penis from the vagina.'^ The ossicle is grooved for the urethra. 

The prostates are moderately large and lobulate in the lelmeii- 
mons, in whit^h (^owperian glands also exist. In the Suricate 
{Rhi/ziena tetrndnrfyln) the scrotum is as little marked as in 
Mustelines: there are neither vesicular nor ])i-ostatic glands; 
but there is a pair of very large (’oAvjierian glands, with tlic 
usual muscular capsule, and with nnustially long du<*ts, through 
which the secretion is projadled to a dilatation near the distal 
CM)d of the uretlira: beliind their orifices a semilunar fold o|)})os(’S 
the retrograde [lassage of tlic secretion into the long tract of 
urethra intervening between it aiul the neck of tlie bladder. 
Ill the Zil)(‘t ( Virerra Zibetha') there is a small pi-ostatc : beyond 

'* cvxxwi. v»)]. ii. p. 7i. Si O nlso ccxi.i". p. 49. 

* Ib. il.. p. <)7. 

* ‘ I Jjiid tiar<* pnii.s a «log, ;ihnost tbrnu^h its wliub'- Ifiigtli ; tracofi the fwo 

veins that euinc from I:!!*' and soparatt-d tlnin IVoin the artfrirs by disr^f'ctioii, 

that I niiiLdit Iff? .ablo t.o ooinpn-ss tluin wilhcmt aftocting the arlorivs. 1 tlnni roui- 
pressed the two vf*ins, and found tin; glans and largo bulb bpcaini! full and extended, 
xciv. p. a2. 
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the muscular tract of the urethra extends far befoixi its 
ooiiihination with the erectile parts of the penis: here, heliind the 
bull), is a j>air of large Cowperian glands. The [xmis is con- 
tinued from the junction of the crura, forward, in front of the 
pubis to a small prei)iice at the lore part of tlu? cjilargcrncnt 
(•aus(‘d hy the scent-glandi 
bent downward: it has 
110 l)one. This is want- 
ing also in the Musangs, 
in which the prostate is 
large', hut surpassed hy 
(/ow])er\s glands: the pre- 
putial scont-follieles open 
upon a tract distinct from 
tlic anal glands. In the 
Uviena th (3 prostates fig. 
oliS, r, r, are large and re- 
n i fon 1 1 , i)art ial ly (‘on H uen t 
beliind : there is a inimite 
fliisb-sliaped j)rotoinetra, 
ib, (/, in the usual [)osi- 
tiou hetweeu the ends of 
the sperm-ducts, b : 
these are less dilated and 
glandular than in most 

( arili VOID'S. ^fhe (\)W- Acn'^.viry mail' fri.iinL- aiKl irrotiMnrrr;i Ilf ihjit un Sfrhitd, )i»l 
^ ' * ' lint. si/i*. ri'xxxix". 

))('nan glands, </, (/, are 

elongate and pyrilorm: their duels open far forward, nearer the 
glans penis than the vesieal oriKce. There is no ossicle: Mhe 
penis is easily pulhul out of the prepuce, arid the prepuce then 
seems to he ('ontinued all along the jamis to tlie end, and much of 
the same (colour. Tins is not the same as in a dog,’' in wdiich the 
covering of the glans is more distinct in texture and attiudnneni. 

In the Cat the glans j)enis is heset with ealloiis relroverted 
pa[)illie: tliey are less numerous and cons])icuous in the Tiger 
and Lion. In all Felines there is a small prostate, limited to 
du! l)uck part of the neck of the bladder: the musonhir part of 
the urethra is long. Cow'per’s glands are large, and derive their 
muscular covering from a modification of the ‘ acceleratores,’ of 
^''hi(rh an external may be distinguished from an internal portion. 

I he ‘ erectorcs ’ arise each by a broad tendon from the |)ubis ; 
Ulterior to this the ‘ comprossores venaj dorsalis ’ take tlieir origin, 
* ccxxxiv. vui. ii. p. ryS. 
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and converge to uiutc, at the symphysis publss, in a strong 
coiiunon tendon, wliicli juisses over the • vena dorsalis penis.’ 
Two slender fasciculi derived from the ‘ retractor ani’ i)ass along 
the bulb and under side of the urethra to the line of rcflectiun of 
the prepuce, whci-e they are lost in the skin of the glans ; thev 
bend bai*k that part, in the unerect state, aiul cause the felines to 
be ‘ rotronungent.’ 

§ ;180. in Qunilnnmnut . — The testes of the Aye-aye ( 
o(*cu[>y a sessile scrotnui: the tunica vaginalis eonnuunicaites with 
the peritoneal cavity, but by too contracted a cainal to permit anv 
return there of the testes, offering a notable difference from 
Kodents. There are no vesicular glands ; but a moderate sized 
compact prostate, and a pair of datteneil oval Cow}>erian gland;?, 
the duets of Avliich penetrate the urethral bulb. IJesides the 
‘ erectores ’ and ‘ acceleratorcs,’ there is a ]>air of strong ^ levatores 
j)eiiis ’ arising from a fascia below the sympliysis i)id)is, c*rossing 
the vena dorsalis, and inserted by a coinnion tendon into an 
‘ossleulum penis.' The penis, of a siihconieai form, projeets 
about an inch, in the inierect state, it is covered by the thin 
naked skin of the prepuce, which has a transverse orifice. 

In tlie Slow Lemurs {Strnops Tarsiiis, ()toIi.cnHSy i\tri>(liettvus) 
there are vosierdar glands iu the form of oval subcom])re.ssod bags, 
witiia plicate or honeycombed inner surface: their ducts terminate 
distinctly from those of the testes. The ))rostatc has a bllid base 
and compact structure. The Cowj>erian ghuuls are relatively 
large. The short penis has an ossitrle, ajid projects, or liangs 
(:ons})iciiously as in Cliinnttys : the ossicle (‘iids in a terminal 
process of tlm glans.* In the Makis (Lem///’) the vesicular 
glands consist each of an elongate (aecal tube, bent inward 
and downward at their free end, with tliin walls and a minutely 
rugous inner surface : in other respects the male oj’gans reseiuhle 
those of VhiromifH, Lach ‘ levator penis ’ arises from tlie up])er 
part oi* the crus: ilicy converge above the two ‘ vena^ dcjrsales’ 
to a common tendon which runs along the dorsum penis to the 
ossicle. "Fhe glans is large ami expands to a free truncate end 
with the urethra opening near the centre of the disc; the sides 
of the glans are beset Avith small callous jyajdllai. 

The senotum is more pendent in Platyrhiiie and higher 
Qiiadrainaud : the vesicular glands have thicker parieics and a 
more lobulatcd or ramified form: the prostate is more compact : 
the Cow'j)erian glands l>ecome reduced in size. The penis is 
j)roininent or pendulous in all. The glans terminates by 
large expansion iu Ahdes. In Cehua capucinus Cuvier found no 

* XX. voL iv. p. 101. 
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median septum dividing the corpus caveriiosum : it is present in 
Jill Catarhinesy but degenerates into a ‘ pcctiniform ’ partition 
anteriorly. In Macarus Cynomohjus the- vesicular gland, fig. 
r)29, <?, is large and lobulatc, its duct is long and unites with 
that of the testis, r, some 
way before the latter ter- 
minates in the urethra. 

The prostate, rf, is large 
and compact. The rem- 
nant of the protometra, 
by resembles the ^ sinus 
])rostaticus ’ or third lobe 
of tlic prostate in Alan. 

Cowper’s glands are ap- 
plic'd to the back part of 
the urethral bulb. The ac- 
ccicratores muscles sur- 
rounding the bulb not advance between the erectorcs penis : 
these arise from the sclerous covering of the crura corporis caver- 
nosi, not from the ischia. Two small ^levatores penis,’ after the 
usual disposition for compressing the ‘ vena dorsalis,’ terminate in 
a tendon inserted into a small ‘ os penis.’ In the Alandril ( Pup/n) 
die vesicular glands are so large as to a[>i)ear, invested with 
peritoneum, in the pelvis; they consist of numerous cieca which 
terminate the subdivisions of brandies given off by one main 
central tube or duct. The prostate, also, is partially subdivided 
into lobules. The testes, larger than in Man, slightly project, 
one ou each side the base v)f the jienis. In Ajies as well as 
Monkeys, the ^frxniim preputii’ is absent, and an ossiculum penis 
present. Ciiisr found it one-third ol an inch long, but gristly at 
both ends, in the Chimjmnzee.* 

§ 381. In Bimana, — Here the testes pass, 
two or three months before birth, into a 
pendulous scrotum; the serous canal of com- 
uuinication becomes obliterated, and the tunica 
vaginalis is an independent short serous sac. 

All the accessory glands are well developed 
differentiated, but of moderate proportions. 

Ihe penis is pendulous and without a bone: spermatozna of Mnn. magn. 

Ill 1 ^ % nil aoodiain. 

me prepuce has a ^ fra^num. Ihc spermatozo«a, 

fij?. 530, have an ovoid or almond-shaped body, subcompressed. 

Viewed sideways, with a filamentaiy vibratile appendage, averag- 

* ccLxxiv", p. 48. 
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iiig from to of an inch in length. They are convoyed, 
with the fluid in which they move, by the sperrnducts to the 
beginning of the urethra. The ducts are sliglitly enlaiged, chiefly 

through thickening of tlieir walls, 
near their termination, fig. f, 

as tliey pass along tlie inner sides 
of the vesicular glands, v ; they 
again c.ontract to coinmmiicate, eaeli 
with the duct of the gland of its 
own side, at (L The vesicular gland 
is a fusiform multilocular bag about 
two iiiclies in length and three 
quarters of an inch in greatest 
brcHilth. The lower attenuated end 
peiudrates the prostate between the 
lat(*ral, and medial, c, lobes, and 
aft(‘r joining the vas doferens, the 
cominon duet terminates at the side 
of the urethral depression (railed 
‘ sinus poeiilaris,’ fig. 532, 7 , //. Eaeh 
^v(vi<nila’ is invested by a fascia, 
on removal of which, with some 
ma(!cration and dissection, it is 
slunvu to (“onsist of a main tube 
with, corninoTily, three or i’our ea^cal 
diverticidar ajqjcndages. This tul)e 
has a much smaller calibre for a 
short distance from its junction with the vas deferens than else- 
where. The narrow portion is straight, and is commonly calh'd 
the duet. 'I'he vesicular glands are found to contain a glairy 
mucus, deepening to a brownish colour soon after death, and 
containing stray spermatozoa. The prostate, figs. 531, 533, /v, 
is a more compact glandular body surrounding the neck of the 
bladder and l)egii)ning of the urethra, deriving its name from 
its positioji in front of the vesicidar glands. It is surrounded 
by a (Uinse fa>scla, which adheres firmly to the glandular sub- 
stance. I'hls is of a lightish br^uvn colour, and very firm texture. 
It forms two lateral lobes, of an ovoid shape, between whieli 
is a small middle lobe. It. is composed of minute eanals with 
blind follicular beginnings, wliich unite together to form duets, 
opening in an (>bli(jue manner on the prostatic jiortion of the 
urethx’a. Their orifices arc situated around the most elevattd 
portion of the verumontanum, in the foi*m of a crescent, hg- 
532, €. The depression, or ‘sinus,’ in front of this valvular 


*>31 
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fold receives the combined vesicular and seminal ducts, g. A 
small style passed into it, as at penetrates a pyriform sac in the 


middle lobe of the })rostate, which is the rem- 
iiniit of llie protometra: it is exposed by 
lemoval of the glandular covering, at c, fig. 

Covvper’s glands arc rounded bodies, 
iibout the size of an ordinary j)ca ; of a solid 
texture, a palish red colour, and conglomerate. 
Tlic lobules are connected together by areolar 
tissue, and are surrounded by a fibrous cap- 
sule : they arc composed of elongate follicles, 
from the fiftictli to the twenty-fifth of a line 
in length, and about the thirty-sixth of a line 



in breadth, 'riieir slender ducts, of about tlie eighteenth or six- 


tcoJith of a line in diameter, usually coalesce into a single excre- 
tory duet. The ducts of each gland run jiarallel for the distance 
of lialf an inch lieneath the mu- 


cous membrane of the bulb, and 
ap|)roaching each otlier, they 
pierce the iiretlira by two ex- 
ceedingly minute orifices. 

The penis consists of the erec- 
tile tissues called ‘ (Corpora caver- 
nosa ’and ^corpus sjKingiosum,’ 
tlie latter inclosing the urethra 
and expanding at its hind end 
into the ‘ bulb ’ and at its fore 
end into the ^ ghins. ’ The 
‘ eorjius cavernosum ’ forms in 
Man more tlian two-thirds of 
tlic bulk of the penis: it is a 
1 eng th en ed s u I idepressed cy- 
linder, with a median groove 
both above and below; the upper 
groove lodging the dorsal vein, 
arteries, and nerves, and the 
under one the corpus spongio- 
sum. Anteriorly the cor])ns 
eavernosum terminates in an ob- 
and rounded extremity, 
'yluch is received into a depres- 


533 
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^U)n on the posterior surface of the glans ; posteriorly it is at- 
tached to the ischiopiibic rami by its two crura ; and above it 
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is connected to the symphysis pubis by means of a strong tri- 
angular lasoia, the ^ ligamentum suspensoriiim penis.’ 

The ^corpus cavernosum ’ is composed of a cellular struct n re 
enclosed in a strong sclerous tunic, from the inner surface oY 
which are given oft* luiinerous bands, ^ trabeculie,’ which converge 
towards the middle line of the inferior wall ; they are most 
al>undiint in the middle line of the organ, where they form a 
septum between the two lateral halves of the corpus cavernosuni: 
but this becomes incomplete or ‘ pectinate ’ anteriorly. Tlie 
so-called cellular structure (»f the corpus cavernosum consists of a 
])lexus of dilated and freely intercommunicating veins, the inter- 
spaces of which are occupied by contractile tissue : the fibres 
being unstri[)ed and with a general arrangement transversely to 
the axis of the jienis. 

Besides the ‘ erectores penis’ and ^ accolcratoros unnaj,’ there is 
a remnant of the ^ levatores penis ’ reduced to the function of 
‘ coinprcssonvs venai dorsalis;’ and occasionally a small fan-shaped 
muscle, ‘ ischio-bulbosus,’ may he defined in the interspace 
between the l)iill) and crura penis, having a slender attaeluncnt 
to eucli ischium, and expanding upon the bulb. The jirepnee 
is <*onnocted to the glans on its under part by means of a narrow 
fi)ltl, with some sclerous tissue, termed the Mramnm pneputii.’ 
At the base of the prepuce, where it is reflected over the glans, 
open the small lenticular representiitives, called ‘ glaiulnlai 
odorifene,’ of the preputial follicles of lower Mammals. 
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B. FEMALE ORGANS OF MAMMALS. 

Tlic ovaries retain, as in lower Vertebrates, their abdominal p(H 

sition; but are relatively small in Mam- 
malia, and consist of a dense arcolm' 
^ stroma,’ which, ^vith the ovisacs therein 
de veloped, is inclosed in a firm sclerous 
‘ tunica albuginea,’ fig. 534, a. The 
abdominal aperture of the oviduct is 
wide, and, as a rule, ‘ fimbriate;’ but 
the canal (piickly contracts, usually to 
a diameter like that of the spernuluct, 
and, after a certain course, smUlenly 
cxjiands, or opens, into a ‘ uterus.’ "I his 
may remain distinct from its fellow; 
but a prevalent mammalian characteristic is a blending of 
uteri, to terminate by one valvular orifice in a ^ vagina;’ the con- 
fluence extending, by degrees, in diffierent species, until a single 
uterus results. The vagina, as a rule, is single, and usually 
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terminates by a ‘ vulva ’ distinct from the vent. The ‘ clitoris ’ is 
single. The variations in the eflerent and subordinate parts of 
tlic female organs are greater and more numerous in Mammals 
tluin in other Vertebrates, and with female sexual organs are 
associated functional mammary glands: marsupial pouches are 
supcradded in most LyeurephaUt. 

§ 382. In Monotremata, — 'fhe female organs here consist of 
two ovaria, the right much smaller than the left, two oviducts, 
tAVO uteri, an urogenital passage, and a clitoris. 

Tlie ovaria corresjxmd in situation and surrounding attachments 
Avith the testes in the male ; and the oviducts and uteri exhibit 
in their closely convoluted disposition an analogy with the sperm- 
ducts. 

The left ovary, fig. 535, /*, is an irregular, semi-cllijitical, 
flattened body, with a Avrinkled and granulate surfaee in tlu? un- 
oxtrited state ; but becomes tliicker, Avith the surface studded 
hy (dcvatioiis formed by the ovisacs in different stages of develop- 
ment, at the season of sexual excitement. At this period usually 
Iavo ovisacs, as in the figure, are conspicuously larger than the 
rest, and present eadi a diameter of about two lines. The right 
ovary, is a narrow, thin, generally elongated body ; sometimes 
hroader, with a finely granulated surface. It is often scai cely to 
be distinguished from tlie ovarian ligament to whicli it is attached. 
Tin’s Ugameut, /, arises from the posterior parictes of the 
abdomen, behind and a little on tlie outer side of the kidney, and 
passes along the edge of the broad ligament to the fallopian ex- 
Ireiuity of the ovidiiet, where it divides into two ; one porlion is 
attached to the side of the ovary, the other to the ])ostcrior 
margin of the fallopian orifice: al’ter a course of an inch they 
again unite, and tlic ligament is continued along the anterior 
part of the iiterns to its cervix, where it is insensibly lost. The 
two separated portions of the ligament support a large })onch of 
peritoneum, Avhich forms the ovarian eai>sule ; the wide anterior 
orifice of the oviduct is also, by means of this ligament, prevented 
Iroiu being drawn aAvay from the ovary. 

The efferent canal of the ovarian products is divisible into an 
oviduct or fallopian tube, r/', and an uterus, rf. The size of the 
hitler is nearly ctjual on both sides, hut the right oviduct is much 
riiortcr than the left, and corresponds with the abortive condition 
of the ovary. The external serous coat of the oviduct is loosely 
ooimected to the muscular coat by filamentary processes of areolar 
tissue, among which numerous tortuous vessels ramify. The mus- 
cular coat is thin and compact, and is most readily demonstrable 
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ill the uterus. The mucous coat is thiu and smooth in the ovi- 
iliict ; it i.s thick, soft, plicated, hut not villous, in the uterus. 

The left uterus in a female witJi a large ovary, shot in the 
iiionth of September, was two inches long, from four to five lines 
ill Jianietcr, and about a line thick in its jiarictes ; it became sud- 
denly contracted and thinner in its coats to form the oviduct, 
which presented a diameter of about two lines, slightly enlarging 
to within an inch of the extremity, which forms a wide mem- 
branous pouch, //" ojiening into the (*apsule of the ovary by an 
oblong orifice or slit, of eight lines in extent. The edges of 
(his orifice w^ere entire as in tht. oviducts of Iteiitiles, not in- 
(lcntc<l as in tlic fimbriated cxtrcmicy of the Fallojiiaii tube in 
higher Mammals. The entire length of the oviduct and uterine 
tulK!, when dctacdicd from their connections with the mesometry, 
was nine inches. Idic right uterus and oviduct of the same 
specimen exhibited similar difterences in diameter and structure, 
hut was shorter, measuring only six inches in length. 

The thickened parictes of the uterine tube depends chiefly 
on an increase of the inner membrane, wdiich, at the cervix uteri, 
[»resents deep and close-set furrows : these, as the canal wddens, 
arc gradually lost, and the surface becomes more or less smooth. 
In the oviduct, the inner surface is smooth on leaving the uterus, 
tlion becomes finely reticulate, and in the terminal dilated part 
becomes again smooth. The cervix uteri makes a valvular pro- 
jection analogous to an os tinctc on eacli side of the commence- 
inont of the urogenital canal, just beyond the orifice of the urinary 
Jiladder. There are two orifices on each of these jiromincnces : 
\\c lower one is the termination of tlie ureter — a bristle is repre- 
sented as ]>assing through it in fig. 535 ; the upper or anterior 
orwee is the os uteri, m. in young or virgin Ornithorhynclii 
tliu‘\ orifice forms scarcely any projection into the urogenital 
cana\ and it is divided by a narrow^ septum. The urogenital 
canal \c, is one inch ami a half long, and tlirce or four lines in 
diameffer, but caj)able of ))eing dilated to as great an extent pro- 
bably the pelvis w^ill admit of; the diameter of the bony 
passage |being sevcTi-tontlis of an incli. It is invested wdtli a 
uiuscuh|* coat, the external fibres of wdiich are longitudinal ; the 
interuaf, circular. The inner membrane of this partis disposed in 
longitiAlinal rugie more or less marked, but preseiits as little the 
fdiara^er of a secreting membrane as that of the vestil)ule, being 
sinocjrli and shininjr ; the orifices of a few minute follicles are 
Kitu^ted in the interstices of the rugie near the orifice of the 
ur^iary bladder. 
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The common vestibule, is about one inch four lines in length, 
and varies from half an inch to an inch in diameter : it is lined by 
a dark-coloured epithelium. The rectum o})ens freely into it 
posteriorly, as indicated by the probe b*. On the sternal aspect of 
the vestil)ule there are a series of longitudinal fibres, which ex- 
tend from its external orifice to that of the urogenital cavity, 
the office of which is to approximate these orifices ; and in tins 
action certain oblique fibres assist, while at the same time they 
close the rectum. 

On the sternal aspect of the urogenital canal, and close U) 
where it joins the vestibule, the clitoris is situated, which is con- 
se(]ueiitly about an inch ainl a half distant from the external 
orifice of the vestibule. It is inclosed in a sheath uj)wards of an 
inch in length, and al)Out t^vo lines in diameter, of a white fibrous 
texture, and with a smooth internal surface, and this sheath com- 
municates with the vestil>ule about a line (Vom the external 
aperture. The clitoris itself is a little flattened body' shaped like 
a heart on playing cards; it is about three lines long, and two 
lines in diameter at its dilated extremity, wdierc the mesial notch 
indicates its correspondence of form with the bifurcated peuis of 
the male. 

At the base of the clitoris are two small round flattened glands, 
the homotypes of Cowper’s glands in the male, which open Into 
the sheath or preputium elitoridis. 

§ 383. In Marsupialia . — In this order the female organs consist 
of two ovaries, two oviducts or fallopian tubes, tAvo uteri, two 
vagiu'ec, an urogenital canal, and a clitoris. 

The ovaries are small and simple in the uniparous Kangaroos, 
fig, 538, a, a ' ; tubcrculatc and relatively larger in the mulii- 
parous Opossums, presenting the largest size and most coinpH- 
cated form in the Wombat, fig. 53f). In iMacropus they arc 
lodged within the cxjianded orifice of the oviduct, or ^ pavilion,’ 
near the upper or anterior extremities of its two principal 
lobes. These are of considerable extent, and their internal sur- 
face, which is highly vascular, is beset with rugae and papilhe. 
In the Dasyures and Petaurists the ovaries arc elliiitical, sub- 
compressed, and smooth. In the Virginian Opossum the ovary 
consists of a lax stroma remarkable for the number of ovisacs 
iiiibedded in it, the largest of Avhich are the most superficial, and 
give rise to the tubercular projections on the surface. In the 
Wombat, fig. 536, each ovary, licsides being lodged in the pa- 
vilion, as in the Kangaroo, is inclosed with the pavilion in a 
peritoneal capsule : it is botryoidal in form, resembling the 
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ovavium of the bird. Jfnmerous ovisacs in different stages of 
growth project from the surface, the largest presenting a diameter 
of eight lines, fig. 536, a\ but the structure of these ovisacs, the 
eharacter of the stroiiui in which they arc imbedded, and the 
dense albugineous tunic by wlihdi tlu^y are inclosed, bespeak 
their strictly niaminalian type. The oviducts c(jntra(?t, beyond the 
pavilion, A, to a greater 
degree than in Mono- 
trcuies, and both by 
their slenderness and 
tlic* thickness of their 
coats more nearly re- 
semble the sperrnducts ; 
they have, also, iisnally 
a more or ](\ss tortnovis 
course, as shown in the 
Opossum, fig. 537, and 
Kangaroo, fig. 538, A, h, 

I'lieir expansion * into 
‘ uteri ’ is more gradual 
than in higher Mam- 
mals, 'i1ie uteri are fusi- 
form, relatively longer 
in multiparous, fig, 537, 
than in uniparoiis, fig. 
o38, species. The inus- 
enlar coat is of luoderatc 
thickness, exceeded by 
the innermost, owing to 
the abiuKlance of lax areolar and vascular tissue wbick supports 
the smooth delicate lining membrane, wliich Is usually tlirown 
mto many folds. Each uterus communicates with its own vagina 
hy a valvular promiueuce, or ‘ os tiuca\’ The vagiine ai’c of 
veinarkable length in Marsyplalia, and (‘olded or otherwise deve- 
loped, so as to adapt these passages to detain the fietiis after it 
has been expelled from the uterus for a longer period tliau in 
other Murnmalnu 

riicse complications vary considerably in the dilferent mar- 
su[)ial genera. (.)n a Cf)mparison of the female organs in 
phys dorsujera^ Petaiiruii pj/ymeeus, Pataurus tnyuaiHndeSyDasfptrus 
'f^if-vrrinuSy Didfdphys Viraimanuy Marropus majors and llypsi-- 
prymnus murinuSy I find that the relative capacity which the 
Rbiii bear to the vaginae (runinishes in the order in which the 
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above-named species follow, while the size of the external pouch 
increases in the samo ratio. 

In Didelplu/s domujera the uteri, fig. 537, c, c, rather exceed 
the unfolded vagime in length. Each vaginal tube, <?, c', after 
embracing the os tincie, is immediattdy (!ontiniied U])ward and 
outward, then bends downward and inward, and, after a second 

bend upward, descjtmds by 
the side of the op|)Osite tube 
to terminate parallel witli 
the urethra, //, in the com- 
mon or urogenital passage, 
/‘.^ In I\'ttiurus the vagi- 
na>, when unfolded, are a 
little longer than the uteri: 
they dcsc.end close togetlier 
half-way toward the uroge- 
nital ]>assage, and there 
terminate blindly witlnuit 
intercommunication. F roni 
the upper ])avt of these culs- 
de-sac the vaginm are con- 
tinued u))ward and outward, 
forming a curve, like the 
handles of a vase, tlioii 
descend, converge, and ter- 
minate close togethe)-, as in 
the preceding example.*^ In 

Female orffrma, d-trsiK^ra. i.xx\". ta • • i 

Da s?/ u ru s v i verr ? n us ana 
Dideljdiys Viryin iana the mesial ciils-dc-sac of the vagi me 
descend to the nrogeiiital passage, and are connet^ted to it, hut 
do not communicate with it or with one another: each canal is, 
then, continued outward from the up])er cud of the cul-dc-sac, 
and, forming the usual curve, terminates parallel to the orific(3 
of the urethra. The vaginae in the Dasyurcs are smaller in pro- 
portion to the uteri than in the Virginian Opossum, but of a 
similar form.® 

In the Wombat {Pliascolornys) each uterus commiinicatos with 
a separate and largo vaginal cul-dc-sac, the lining membrane of 
which is increased by irregular rug^u and paj)ilhe : the terminal 
portion of each lateral canal has a thick muscular coat. The 
urogenital canal is lined by a thick epithelium, and its surface is 

* XX. vol. iv. p. 151, no. 2734 c. ® xx. vol. iv. p. 152, no. 2734 k. 

* XX. vol. iv. p. 154, no. 2738 a. 
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broken up into countless oblique rug» and coarse papillaj, be- 
I, raying a certain regularity in their arrangement : the surtacc 
immediately around tlie urethral orifice is comparatively smooth. 

Ill Macropus major tlie vaginaj, fig. 538, c, e\ preponderate in 
si/c greatly over the uteri c, c ; and, the septum, of the dc- 
ficemling cul-de-sac being always more or loss incomplete, a 
fciiiigle cavity, c, is thus formed, into ’which both uteri open ; but 
liowcver imperfect the septum may be, it always intervenes and 
jweserves its original relations to the uterine orifices, r/, d. In 
the s[)ecimen examined by me, this part of the vagina was not 
continuous by means of its proper tissue with the urogenital 
canal, but was connected thereto by areolar tissue.* In Z/a/- 
maturns Bennettii I found an ajierture of communication be- 
tween the median cui-de-sac and the urogenital canal;- and, as 
the same structure has liccn observed in two other specimens,*' 
it is doubtless normal, at least, after parturition. The fact, how- 
ever, does iK^t justify the conclusion that the lateral A aginal canals 
convey exclusively the semen for impregnation, and that the 
median canals, winch, as a rule, are closed and distinct from each 
other, s(?rve only to transmit the fietiis to the urogenital ])assage* 
In Ih/psiprj/mntis marhius the type of construction is the same 
as in the great Kangaroo, but the mesial cul-de-sac of the vagina 
attains a still greater development; it not only reaches down- 
ward to the urogenital passage, but also exj)ands upward and 
outward, dilating into a large chamber, wliich extends beyond 
the uteri in every direction. From the sides of this chamber the 
separated portions of the vagina continue downward, to terminate, 
as usual, in the urogenital canal. 

In Pcraindes obesula the uteri arc wider in proportion to their 
length than in the Kangaroos. Each communicates wdth a 
vagina, expanding into a caecum wdth semitransparent w’^alls, and 
greatly surpassing the uteri in size ; the cueca suddenly contract 
near the ora tineas, to form long and slender vaginal canals, wdiicli 
converge, but terminate separately near the vulva. The urethra 
is of corresponding length and tenuity ; its orifice is near those 
of the vagina, the urogenital passage having the least extent 
in this genus Marsupialia. 

In all, the stnictiire of the uteri is distinct from that of the 
vagiinc. The muscular tunic of the uteri is thicker, and consists 
nf an outer stratum of longitudinal fibres, and an inner one of 

* Jtcmovoil l>y tlisscotimi in llnj prcjnimtion, xx. vol. iv. p. 1^7, No. 2740 o, ns in 
tliat from which fig. 638 was taken. ccxi.iii". p. 106. 

* ccxwv". p. 699, and ccxly", p. 14G. 
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circular fibres. The lining is well organised, not deciduous : it is 
soft, and disposed in many irregular folds, but, when these are 
effaced, has a smooth surface : tliis is a distinct but delicate layer 
with minute pores, and is connected to the muscular coat by 
an abundant tissue, consisting of fine lamella) stretched trans- 
versely between the muscular layer and the smooth membrane, 
the whole being of a pulpy consistence and highly vascular, 
especially in the impregnated state. The vagina) are lined with 
a layer of epithelium, which is readily detachable, even from the 
middle cul-de-sac. The inner surface of tlic culs-de-sac in the 
Opossum is smooth, l)ut in the lower part of the single cavity in 
the Kangaroo and Potoroo it presents a reticulate structure. 
The lining membrane in the lateral canals in all the genera is 
disposed in regular longitudinal folds, a disposition which cha- 
racterises tlie true vagina in most. Ifi the Kangaroo, as in the 
other Marsupialia, the lateral canals communicate with the 
common or urothro-sexual <!avity Avithont making a projection; 
hut at the distance of three-fourths of an inch from their termina- 
tion there is a sudden contraction, with a small valvular projec- 
tion ill each, fig. o38, n, n. By those who (ronsider the cul-de- 
sac and lateral (aiuals as a modification of tin* corpus uteri, these 
projeetions may be regardial as severally re|)reseuting an os tinea;; 
but they do not exist in the Ojiossunis and l\;taurists, in which 
there is simply a contraction of the vaginal canals at the corre- 
sponding part ; and in l)oth these and tlie Kangaroo, tlie true uteri 
open ill the characteristic, valvular inauiuM', without tlie slight- 
est a])pearaii(*e of a gradual hlendiiig with the median cul-de-sac. 

The clitoris is situated in a 
prejmtial recess near the out- 
let of the urogenital jiassage : 
it is simple in those iMarsu- 
]»ials that have a simple ‘glaus 
penis,’ but is bifid in those 
which have the uflans divided : 
and in the Opossum eacli 
division of the ^glaris clitori- 
dis ’ is grooved. 

The marsupial type is re- 
peated in one of the rarer ano- 
wialies of the female organs 
in the Human species : in 
which not only the uterine cavities are distinct, but the ‘ os 
tincaa’ of each opens into its own vagina, fig. 539. 
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§ 384. In Rodentia , — This order offers transitional steps from 
the foregoing* type to the more common ^ uterus bicornis,’ with 
single os tincie and vagina. In the Jliscacliia ( trkho^ 

d(irti/lus)\\\c^ two uteri arc distinct, and each opens into a separate 
canal formed by a longitudinal septum continued about one-third 
d(nvn the vagina.* In the Capybara, Schiruhe and Leporidcp^ the 
tAvo ora tincic of tlie se[)arate uteri open into the fundus of a 

common vagina, fig.o40, A, /. 
In the Beaver there is one 
large prominence, like an 
^ os tincie,’ but the uteri tei - 
minatc thereon by separate 
orifices. In Muridcc^ the 
Aguti, the Paca, the two 
uteri Idend into a short 
common ('avity, Avith one 
opening into the vagina : 
they are (connected toge- 
ther for some extent beyond 
the confluent cavities, or 
true ^corpus uteri.’ The 
ovaries, which arc elongat- 
ed, suheompressed, and with 
an even exterior, in the unexcited state, fig. o4(), A, /, become 
botryoidal Avhen the ovisacs arc develoiAod Avith ripe ova, fig. 
772, A, a\ 

In the Beaver the ^pavilions’ are small and simple: upon these 
the oviducts are obliquely folded ; the uteri are long, straight, and 
of uniform slender diameter Avhen unimpregnated. Tlie os tincic 
is folloAA^cd by a series of irregular flat pnHrcsses, Avhich project 
from the fore part of the vagina, gradually becoming smaller. 
The urethra communicates Avith the vagina near its distal end : 
the clitoris projects from a notch just beyond the urethra ; and in 
front of the clitoris is the Avide aperture common to tlie tAvo 
large prejnitial or ‘ (jastor ’ bags : th(?re are also smaller lobiilated 
masses beyond the bags. In the Rabbit the a])erture of the 
pavilion, ib. A', is more fimbriate and plicate than in tlic Beaver: 
it is continued along the border of a shalloAv peritoneal capsule 
extending from the further side of the ovary to the border of the 
broad ligament. F rom the ovary the remnant of the ligament of 
the primordial kidney ascends to the diaphragm. The oviduct. 
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il). c, c\ passes outward a short way beyond the ovary, then sud- 
denly bends back toward tlic uterus, f\ it is unravelled in fig. 
772, A. The natural disposition of the efferent canals in the uti- 
impregnated state are shown in fig. 540. Tlie uterine tubes, f*, /, 
arc united for a short distance by areolar and serous tissue at (j\ 
hilt o[)en separately into the vagina, as shown by the styles, A, L 
The longitudinal and <‘ircular layers of the muscular coat are as 
well marked as in Marsupials ; but the inner coat has a different 
and lower structure: it is more homogeneous, and adheres closely 
to the muscular coat : its inner surface is more or less wrinkled, 
and is minutely jiorous, the orifices being those of the irregular 
canals called ‘ utricular glands,’ exuding fluid, and lined by the 
fonnilied |)artieles or ^ cells,’ which likewise adhere to the free 
surface of the uterine lining. This, wdicn injected, presents a fine 
retlimlate stru(!ture, with a similar disposition of the supei'ficial 
capillaries. Mear the distal end of the true vagina arc two small 
semilunar folds, with their concavity directed toward the iiro- 
gcnilal passage. This is long in LvporhUe and a few other 
Kodents: its commencement is indicated, wlierc valvular limits 
are wanting, by the opening of the urethra, ib. d: it terminates 
close to the vent in all Ilodents; and, in the Hare, oh the same 
nude patch of skin on (^aeh side of whicdi is the glandular bag, q. 
The ‘ pro[)Utium clitoridis ’ opens just Avitliin the verge of the 
urogenital outlet: the clitoris commem^es by two crura, and ter- 
minates by a flattened bifid glaiis. In the Capybara the urethra 
tenninates elosc to the vulva, and a groove is continued to the 
prepiitimn clitoridis, which projects externally. In many Ko- 
dcuts (Arvico/a, Laffostoinus^ Bathyfrfjus) the elitoris is pci‘- 
forated by the urctliral canal. In the Squirrel the vulva is a 
longitudinal slit upon a coui<‘-al prominence or ^pcak:’ in the 
l^>reupinc the vulva is a thick semilunar prominence, puckered 
n|) internally into longitudinal folds, and opening immediately 
below the vent. The urethra and preputium clitoridis are close 
to the vaginal outlet. 

The human uterus repeats, as an anomaly, tlie grade of eon- 
eentralive development attained by those Rodents in which 
« short common cavity or ‘ corpus ’ intervenes between the 
and the vagina, as in the instance, fig. 541, given by 
^^UTuuii Faukh in his masterly Article H)n the Uterus and 
Appendages.* 

§ il85. In Insectivora, — In some of these Lissciiccplialny as in 
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some liodnitia^ the clitoris projects externally to the vulva, and 
is })erforatc(l by the urethral canab The Mole, which exemplifioji 

this structure, fig. 542, c, 
also shows a complete do* 
sure of the vaginal orifice 
in the virgin state, ib, 1,* 
the vulva afterwards, ib. 2, 
intervening, at w, between 
the clitoris, c, and the pio* 
minent vent, below the 
letter n. The canals, seve- 
rally continued from tlie>;e 
apertures, viz. rectum, va- 
gina, and urethra, are all 
anterior to the pubic bones, 
consequently outside Iho 
j)elvis. Tlierc is no valvular or other distinction between the 
vagina and corpus iitcj’i : a hmg, somewhat tortuous, subdepressed 

utcro-vaginal canal expends into the ab- 
domen to terminate in the cornua uteri: 
these are cylindrical tubes, and describe 
three abrupt curves, on quitting the 
corpus uteri, at right angles therewith. 
The ovaries arc commonly found with a 
tuberculate exterior, and are inclosed in 
an almost comfdete j)eritoneal caj)Sulo. 
The oviduct pursues a wavy course along 
this ca|)sule ti) the uterine ^ horn.’ The ovarian ligament, coin- 
inencing near the diaphragm, descends external to the kidney, 
carrying before it a peritoneal fold. The uterine ligament is 
continued from the end of the ^ cornu,’ and runs along the pos- 
terior edge of a eontiniiation of the same fold, or ^ mesometry,’ to 
the part answering to the abdominal ring in the male. 

The Shrews closely resemble the Moles in their female organs: 
there is the same absence of os tinea; and a corresponding length of 
utero-vaginal canal from which the cornua, fig, 389, z/, arch away 
at a right angle. In the impregnated specimen figured, the com- 
monciiig embryos were lodged in cajcal dilatations of the corinia. 
In the great-snouted Shrew ( the ovaria, fig. 543, 

are placed each near the orifice, (?, of a large peritoneal capsule, 
bordered by the oviduct, t, which slightly enlarges towards the 
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uterus. This commences by a bifid expansion^ and is continued 
without constriction or distinction into a wide vagina with 
interlocking transverse folds at its uterine half. In Tnpaia 
the clit()ris is long but is merely grooved, the groove being 
continued to flic urethral opening just within the vulva. The 
uterine cornua are sliort. In the 
II(Hlgchog the clitoris projects from 
a j) re puce into a urogenital pas- 
sage of an inch in length, inid- 
wav between the vulva and the 
urethra: here a slight constriction 
marks the bouinlary of the pro[>er 
Yagina. This (‘.anal soon hccomos 
rugous ; the rugte are nearly trans- 
verse, increasing in breadth, and in- 
terlocking near tlic os tincae, whhrh 
seems to terminate the scries. The 
hotly of the ultnais is about half an 
inch in length ; the cornua not 
much more. The ovary is tuber- 
eulate and furrowed ; its perito- 
neal capsule is large, Avith a small 
orifice near tbe tennination of tlic 
oviduct in the uterus. I'he ovaria 
are large and clustered, and the 
iitenne cornua long, in the multi- 
])arous Tcnrcc ( (Vv/Yc/c'.s) theva- 

. , , . V>i'UMk\v. orcAwa. Uhiinchot'yoii. cxxxiv'. 

gma Jias the transverse alternating 
folds at the uterine half of the canal. 

In tlu^ Bats the uterus has two very short horns: the long 
cor[)us uteri opens by an os tincm into the vagina : in Pternpus 
the vagina extends Into a cul-de sac beyond tbe os tineas. 

§ 386. In Brnta . — The absence of tiie valvular or mccbanical 
limit between uterus and vagina, noticed in certain Tmecfwora/\^ 
fui inferior character repeated in the prcsmit order of Lisscn-- 
*‘f'pltal(K In th(; Armadillos {^Dasypus Peha^ uterine 

Avails gradually become thinner, tlie epithelium denser and 
•smootlior, and longitudinal furrows finally denote the vagina, 

Of tlio tu'o Hj)f‘finu*ri.s of Cr/tMt’a .sf /o.si{s trims uii tied to no: l>y tlic IFon, W. K. 

'1 rouHiircv of the Mnuritiiis, one luid hrnught forth twenty yenn|j;: lie had. 
an instance of twenty-two at a V»irUi, the more usiuil number b«‘i]ig twelve to 
^|UhUvn. I dissections of the fast us to the ifuntcriau Scrit-s under the 

' A, to show the clostj analogy in form and striicUire of the niab' and female 

at that period. 

'OL. HI, 
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which opens into a wide urethra about an inch from tlie end of 
the clitoris, the groove of wlilcli is continued from the urethra. 
The usual subordiuiite relations of urethral and vaginal canals 
are here reversed. The clitoris in I)(m/pm Q^cinctus is longer 
than in the 9-ban(led species, measuring nine lines in the uu- 
erect state : it is of a ]K»inted form, covered with a leaden-oolonred 
integument, and situated an inch anterior to the anus : the vulva 
is placed on an eminence. From this orifice the urogenital canal 
extends eight lines, receiving the vagina by a transverse semilunar 
slit, and being then continued for five Hues further Avitliout any 
diiniiiution of diameter, and terminating in the form of a cul-de- 
sac, into wliich the urethra opens by a very small orifice. Li 
Das, Fdnty tlic urogenital cavity is not se))arated by a corre- 
sponding contraction fiom the urinary bladder, but is a more 
direct continuation of it. In this Armadillo the uterus is un- 
divided ; it ex]>ands to the fundus, Avhich again contraets to a 
point, the oviducts being oontimied from the sides of the fundus: 
in Dasf/pfis Q-chufas tin? uterus is triangular, the fundus expand- 
ing into slightly ]>roduced angh‘s, from which the oviducts are 
contimicd. Those, in both species, wind round the peritemoal 
(*aj)sules of the ovaries, become torlnons, and tenninato by fim- 
briate expanded openings directed toward the oviiry, wliieli was 
subclongate and smooth in both the dissected spe(rimcns. 

In the Ai {Bradtfpns trulactylus) the uterus is like that of 
Dasjjpiis 6-chicfus,, the ovidmrts being contimicd Iroin the anghNs 
of the fundus : between the uterus and vagina there is as 
little distinction ; and the elongate common canal eominnni- 
eates (in the young Sloth) by two apertures with a short and 
wide urogenital passage*. I'lie ovaria arc smooth ellijitic bodies, 
with a greater proportion of stroma than in multiparous Lissm- 
v.ephalax the oviducts, coniineiicing by fimliriate apertures upon 
the anterior edge of the capsule, juirsue a serpentine course in 
tliat peritoneal fold to the fundus uteri. The ovarian ligaments 
are continued each along the margin of a peritoneal fold upward 
to the diaphragm, and downward to an oval ‘ parovarium,’ or 
remnant — of unusual size — of the MVolffian body’: the uii- 
obliterated termination of its duct opens, as in JAsseiieephtihi^ 
on each side the urogenital passage, hei’C very short. In the 
IJnau {^Bradypus didactylus) the rudiment of an uterine septum 
appears as a longitudinal ridge from the inner surface of the 
anterior Avail in the uniinpregnated state: in this species, also, 
the utero-A^aginal canal communicates in the virgin animal by 
two distinct orifices Avith the short urogenital tract, the outlet of 
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Avluch is common with the vent. The clitoris is sliort, and docs 
i)()t project beyond the cloacal aperture. In the great Anteater 
f^Mt/rmecophaga juhata) the vulva and vent have likewise a com- 
mon external cloacal outlet. 

§ 387. In Cetacea. — The ovaria arc narrow and elongate, with 
the surface frequently fissured so as to aiipear convoluted : the 
orifice of the ^pavilion’ is rarely fimbriate, but the lining mem- 
brane is produced into numerous folds, wdiich sometimes project 
like a short fringe. The uterus is ‘bicoru’ with a short body: 
the lining of the ‘cornua’ is longitudinally plicate; the os tincm 
is [irominent: the surface of the vagina lias many complex trans- 
verse folds. The vulva is a longitudinal fissure, fig. (308, a, anterior 
to the vent, il). h: its labia are composed of soft and yielding in- 
t(‘gument not loaded with oil : a short urogenital tract is marked 
off by the entry of llie urethra upon a longitudinal ridge of the 
vagina: anterior to the urethra are two folds, like the ‘labia 
minora,’ lietwoen which is the clitoris : at the sides of the uro- 
g(:nital [lassage are the orifn‘es of ‘ Malpighian canals.’ In Balce- 
noptera. tluj peritoneal fold forms a w-ide and sliallow' sac beneath 
the ovary : the (u idnet dilates at first, then contracts, and after a 
sliort wavy course is continued straight to the corresjionding horn 
of the uterus. The lining membrane of this jiart is longitudinally 
jdicatc; the folds subside at the beginning of the ‘ corpus uteri,’ 
but again reappear, and are continued upon broader transverse or 
circular productions of the lining. The third of these, progres- 
sively increasing in depth, represents tlie ‘os tincie:’ just beyond 
this, at the beginning of the vagina, is a semicircular fold, also 
nmltiplicatc longitiidinally : it is followed by four other trans- 
verse folds progressively increasing in width: beyond these the 
longitudinal plicm gradually subside. In Ilgpcroodon about ten 
oblong processes surround the entry of the oviduct into the ute- 
rine horn, into w hich they j^roject : the uterine body presents a 
few large smooth ridges and obtuse processes. The ‘ os tiiicie ’ Is 
divided into five tubercles: al)out six inches intervene between 
these and tlic first transverse fold of the vagina: between these 
folds the membrane is produced into smaller wuivy and longitu- 
dinal ruga\ In Delphinus delphis and in Fhocmia the entity of 
tlie ovidiK'.t into the uterine horn is not defended by processes of 
lining membrane. The longitudinal and transverse produc- 
tions of the uterine and vaginal inner surfaces resemble those of 
the Whale. The ‘ larger folds of the vagina appear like a suc- 
cession of ora tincai.’ * 


* x\. vol. iv. p. l7o. 
Y V 2 
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§ 388. In Sirenuu — In both nalicore and Rhytina the vagitia, 
fig. 544, o, is characterised by longitiuliiial rugae : tlie body of' tlio 

uterus, c, is relatively 
longer tliaii in Cctavea^ 
and, in the young un- 
iinpregnated Dugong, is 
^vavy : the cornua di- 
verge at right angles, are 
more slender, and less 
arched; there is a well- 
devclo])ed ^ os tincie.’ 
The vulva is situated 
further in advance of 
the vent. In Rhytina 
Steller describes the clitoris as of a hard texture, an inch and a 
half long, situated at the anterior broader part of the vulva, which 
is eiu'ht inches antcrioi* to the anus, 

§ 389. in J^roha,sitifli.(u-—\\\ a half-grown female Klcphant 
{Elcpluiii Indicns, (k V.), the ovaria are small oI>long l)odies, with 
an irregular tuberculatod exterior and large pro[)ortion of stroma: 
the ovarian aj)ertures of the ovidiuds aia; provided with numerous 
long and slender branched processes, like a loose tassel. Kach 
tube makes a long bend upon itself around a do(‘i> and narnnv 
ovarian capsule, and maintains a slightly tortiums course to the 
uterus. The body of the uterus is very sliort ; the corniia are 
long and wide; their inner surface is broken by a few slight 
transverse jiuckerings on the concave side. The laxly of the 
uterus ])rosents two largo semilunar folds, and the os tineas is 
represented by throe similar successive and alternate folds, which 
form the boundary between the uterus and vagina: the latt(*r is 
divided from the urogenital canal by a constrh*tion, in which, 
viewed from tlic urogenital side, there appear three small aper- 
tures: the middle one leads t(» the vagina ; the lateral ones to 
the mucous sinuses, called ^canals of Malpighi.’ The internal 
surface of the vagina j)rcsents a few slight and irregular ruga? ; 
those of the urctliro-scxiial canal afloi^t a more regular, and in 
some plac^\s a i)cnnifonn, arrangement : the urethra terminates 
immediately beyond the constriction. The clitoris measures 
fifteen imdios iu length. The two crura are attached to the 
rami of the os pubis : they are of a dense cavernous texture, and 
are joined together to Ibnn tlie body of the clitoris : this is in- 
closed in a strong ligamentous capsule. After the junction of 
tlic crura the clitoris descends along ibe perineum, with its under 
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or posterior surface applied to the urogenital canal ; two muscles, 
MiisAvering to the levatores penis in the male, converge and unite 
upon the upper or anterior part of the clitoris, and send their 
common tendon through a sheath to terminate near the glans : 
this is composed of a vascular corpus s])()ngiosum. 

§ ^590. In Pcnssodacti/lfi, — The ovaria, in Rliinoreros Indiciis, 
are included within a large peritA>ncal sac, communicating with 
the general abdominal cavity : they ar(i compact, oblong and 
siibcompresscd. The oviducts coimnence by wide orifices, having 
a richly fimbriated margin: their diameter at the expanded end 
ecjuals two-thirds of an inch, but they gradually diminisli in size 
as they ])ass in a slightly tortuous course along the parietes of 
the ovarian capsule towards the uterus: just before they cider 
th(j cornu th(*ir diameter does not exceed one-third ot* a line. 
I'hey tenniiuito in the extremity of the cornu upon a valvular pro- 
tuberance about the size of u pea, Avhich is divided into four or Jive 
prixtesses. The ‘ eornua uteri’ are each seventeen inches in length : 
the ‘ corjms uteri only an incli and a lialf. The cornua are 
occupied by elose-set longitudinal folds: the inner surface of the 
corjius is smooth. Tlie vagina, about sixteen iiudies in lengtli, 
is <livided by a eonstrietion from the urogenital tract, whicJi i>s 
three iuclios long. The upper or uterine tliii’d t)f the vagina is 
occupied by broad transverse folds, the lowest of winch is most 
extensive. About an inch above this fold, or nearer the uterus, 
a se(H)iul and smaller Ibid is formed, which also descends from the 
uj>per and lateral parietes of the vagina, but passes across in an 
(d)li(iue direction: then follow in quick succession a series of 
shorter but equally broad seinilinuir folds, wlilcli become alternate 
in their relative ])osition as they api>roach the uterus, so as to 
cause the cavity of the vagina to assume a sjaral course : as 
these valvular folds also assume a thicker, softer, and more 
vascular texture, it is l)y no means easy to dotcnninc where the 
vagina ends or the uterus begins.* The structure resembles 
that in the Tcnrec and some other Lhii^ncephahu The urethra 
opens into the urogenital passage just beyond the vaginal cou- 
strietion. The lateral ajiertures of the ‘ iNIalpigluan canals ’ are 
about an inch and a half from tlie vulva. These canajs expand, 
and then divide and subdivide, terminating in blind ends near 
the beginning of the vagina.** The ^ preputium elitoridis’ and 
urogenital canal o|)en externally by distinct but approximate 
narrow elongate orifices : tlie vulva opens about five inches from 
the vent. 

> v". p. 52, pi. 18. « Ib. w/. 
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In the Tapir the ovaria are small subcompressed oral bodies, 
in a Avidely open peritoneal pouch ; the oviducts have a tortuous 
course along the pouch near its margin to the uterine horns, 
>vhich are long, and longitudinally multiplicate within : the body 
of the uterus is but two inches long, the ‘os tincte ’ not very 
prominent: the vagina is long; a constriction divides it from the 
ui'ogenital passage, whiidi is short. Tlie clitoris and Malj)igliian 
canals resemble those of the Rhinoceros. 

In the Alarc the C)varies, of an elongate reniforin figure, are 
inclosed and concealed in large peritoneal sacculi, fig. 574, c:, to 
the mouths of which the fimbriated extremities of the oviducts are 
attached. The inner surface of the pavilions arc characterised by 
numerous narrow^ close-set, minutely jilicaterl lamiiue. The oyi- 
ducts have a wavy coui'se to the horns of the uterus, which are a 
little longer than the body or common cavity ; short oblique 
wavy folds of the lining membrane, much developed in the im- 
pregnated state, fig. 575, if, project into the interior : a few similar 
folds are present in the body of the uterus, together with others 
which are broader and (Hs[)oscd more longitudinally at the cervix. 
The os uteri, ih. /, is denoted by the sphincteric thickening of 
the museular coat and the contraction of the (*anal ; but there 
is little or no valvular [irojectioii into the vagina. Of this ennal, 
A, the inner surface is increased by numerous irregular longitu- 
dinal folds: a constrief ion defines the vagina from the urogenital 
passage, ib. d ; the urethra, ib. c, opens near the constrietioji, 
behiml a rugous prominence or flap, il)../* orifices of many 

follicles are dispersed over the comparatively smooth suriace of 
the urogenital p:issagc. The trilobate ‘ glans clitoridis,’ ib. 
projects from its preputium close to the anterior margin of the 
vulva. It is provided with ‘ erectorcs ’ inuselcs ami a ‘plexus 

rctiformis ’: the sphincter of the ur(»- 
genital passage is very powerfid. In 
the Filly the communication of the va- 
gina with the urogenital canal is di- 
vided by a longitudinal septum or 
‘ hymen.’ The Zebra and Ass closely 
agree with the Mare in the structure of 
the female organs. 

§391. In Artlo(lactyla. -T\ii^ ova- 
vla of the Sow, fig. 545, are largo 
oblong bodies with an irregular and tiiberculate surfac.e: Avhen 
the ovisacs enlarge, the stroma is scanty in proj)ortion. Each 
ovarium is inclosed 'within a peritoneal sac, near the aperture of 
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'which it has a pedunculate attachment. The posterior wall of the 
sac appears to be formed by tlie wide and deep pavilion, the 
margin of the abdominal opening of wdiich is almost entire ; the 
inner surface of the pavilion is augmented by many long but 
narrow and highly vascular folds, which ratliate from the beginning 
of the contracted part of the ovidmit upon the expanded j)avilion. 
The uterine cornua are long. The numerous and irregular ]n*o- 
cesses and wrinkles which characterise the inner surface of the 
horns of the uterus gradually subside in the body as this ap- 
proaclies the vagina, and j)ass into two or three series ot* thick and 
soft ridges of the lining tissue. The os uteri is denoted by a 
series ot close-set, narrow, longitudinal folds, but there is no val- 
vular ])rojcction or ^ os tincai.’ Jn the true vagina the longitudinal 
folds become fewer, and gradually^ul)side toward the line of sepa- 
ration between the vagina and urogenital passage. The urethra 
opois between two longitudinal ridges, but the surface both of 
these, and other similar projections in the urogenital passage is 
broken by numerous line, wavy, and ol)li(|uc furrows. The clitoris 
projects from the anterior angle of the vulval labia. In the Peccari 
the vaginal folds toward the uterine end are so arranged as to give 
a spiral curve to the canal, like that in the Tenrec and Rluno- 
(*eros. Usually one ovisac enlarges, at the lieat, in each ovary, 
or there may he two in one ovaiy, the Peccaiy producing not 
more than two at a birth. 

In the uniparous (.'amel the ovary is a coinjiaratively small sub- 
com]>res.sod oval body with a smooth and everi exterior : it becomes 
furrowed and subtnberculate in older sp(‘cimens, or at the lieat. 
The greater part of tlio (‘a|)sula ovarii a])pears to be formed by the 
iimbriatc aperture of the oviduct, which is of very large size, and 
is support(Ml by a broad fold of peritoueum ; the pavilion as it ap- 
proaches the contracted part of the duct has its inner surface ])ro- 
vided with many broad jiarallel folds : the oviduct is divsposed in 
a series of four oblique festoons, and is then continued in an un- 
convoluted course toward the uterus. 

The cornua arc of moderate length, and describe each a regular 
semicircular curve ; they have a simioth internal surface, beset with 
utricular pores, without trace of cotyledonal processes. The corpus 
uteri is short: the cervix is occupied with a series of oblique but 
nearly transverse folds, which do not quite complete a circle. Three 
of these folds are seen from the vagina concentrically disposed 
around the beginning of the uterus, which has no defined ‘os tiucie.’ 
Ibe commeiiccrnent of the wide vagina presents a smooth and even 
uiternal surface. The clitoris commences by two crura, and is 
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continued in a tortuous and somewhat spiral course to the prepn- 
tium clitoridis, to one side of which it is adherent : the extremity 
of tlie prcjnitiiun foi-ins a conical prominence external to tJie ante- 
rior margin of tlie urogenital canal. The ‘ plexus retiformis ’ 
forms two large bodies. 

In the Pigmy Musks or Chevrotains ( Traffulus) the ovaria are 
smooth oblong bt)dies with a somewliat angidar contour. Tlie 
oviducts jinrsue a s<*alloped course along the edge of the broad 
ligament, and terminate in an expanded elongated pavilion at the 
outer jiart of the cinminference of the capsuhi ovarii. 1 found the 
cornua of tlie uterus -are unequal in size ; the right was the largest 
in the sjieeimen examined ; its inner surface was smooth, the utri- 
cular pores generally diffused, without any ai>pearance of eotyle- 
donal jirocesses, implying an uniform and stunted villosity of the 
fictal ehorion, as in the Camel trihed Tlie inner >suvfa<?e of the 
vagina has many parallel longitudinal fohls, tlie abrupt termina- 
tion of which indicates tlic beginning of the uterus, there being 
no os tincie. The vulva is (Jose to the vent. 

In horned lliiminants tlui lining of the (Xirnua uteri sIioavs 
smooth prominences, devoid of utricular pores, called ^ earumJes’ 
or cotyledonal processes, fig. 546, c, c, increasing in nnmbcr witli 
tlie size of the s|)ecies. In Cerrm rujm and (\ c(/j)n*olf(s there 
may he from four to six in (‘ach cornu, longitudinally disposed ; 
in the Girafle there may be eighty. In the Camcline groiq) wii 
liavc seen that the greater part (^f the capsuhi ovarii is formed by 
the expanded fimbriated aperture of the oviduct itself, AvhitJi is 
of very large size. In Deer, AntcJopc's, Ilovines, andOvincs the. 
ovarium, ih. A, is lodged in a depression or sacculus of tlu‘ broad 
ligament, which is more or less deep, and has its apertures more or 
less contracted in dift'erent species. In the Giraffe this sacculus is 
wide and deep, and incloses almost the whole of the ovary. Tlie 
fimbriated extremity of each oviduct is expanded upon the outer 
margin of the ovarian ca[)sule, as in fig. 546, ?, the inner surfiu^o 
of the pavilion is beset with numerous fine oblique stria?, and is 
further increased by narrow folds of laminie ciui verging toward the 
contracted opening of the duct. The oviduct forms three or four 
wavy folds, and is then continued along the walls of the wide 
ovarian capsule to the extremity of the uterine horn, which makes 
aitv Itbrupt curve to meet it. Each cornu becomes bent in a 
Bpiral form when distended with fluid : four longitudinal rows 
of compressed caruncles project from the inner surface. The 
cervix of the uterus is occupied by two circular series of (Jose-set, 

ccxxwi. Vol. ii. p. Note. 
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longitudinal lamellar processes, with their free margins converging 
to the centre of the canal. Above tliesc the inner membrane of 
the utenis sends off several -llucker processes similarly arranged. 
The ^ os tineas ’ is a large transversely oval prominence, having 
the orifice of the ntciais in the centre, and marked by numerons 
fine rugie, which radiate from this orifice. Tlie vulva or ^peak’ 
in tlie tfiraffe resembles that of* the Deer, and the other horned 
lluminants, in coming to a point below, within which is the clitoris. 
From the vulva to the orifice of the urethra, the ])assage is five 
inches long in tlie Giraffe: tlie i)ro])er vagina is lined with a 
smootli and jiolished membrane, which is disposed in numerous 
fine and small longitudinal ruga\ 

In the liison { lihoji Ameriainus) the ovaria are smaller than in 
the Giraffe, and the peritoneal sacculi, or capsules, are deeper, 
and have a more? contracted aperture ; they arc situated wholly 
external to ihe ovary, with their apertures turned toward tliose 
bodies. The fimbrintod |)avilion is extended along the external 
border of the ojiening of the ovarian sac. "I'he smootli caruncles 
of th('. uterus are softer, thicker, and more olituse than in the Gi- 
raffe, and are less regularly dispovsed. Series ot longitudinal lamlnie 
are <ris[)oscd on transverse folds in the cervix uteri ; the upper- 
most are narrower and longer ; other series of shorter, broader, 
and thi(’ker folds inti^rvene between them and the ]>llcat:ed os 
tineas Tlie longitudinal folds of the vagina arc also more dc- 
velo|>ed than in the (jiraffe. 

In the Ttein-decr Tarandns), the ovaria are small, 

simple, smooth, ovate bodies, with the larger end attached to the 
fimbriated aperture of the oviduct; this is situated external to 
the ovary, between which and I he rest of the oviduct the peri- 
toneum is developed into a wide but sliallow sac. The oviduct, 
after a few slight folds at its eommencement, is eoutiimcd straight 
to the uterus. The cornua are uncoune(!ted with each other for 
the first half of their extent : the first of the cotylcdonal pro- 
e(\sses eominericcs nenr the orifice of the ovldu(*t, is iu the 
form of a (umiprossed elongated fold of the lining membrane, and 
extends in the direction of the cornu, with its lower extremity 
projecting free for the extent of half an inch; the succeeding 
caruncle, wliich begins where the other ends, is also elongated 
and flattened, but is shoj’ter ami broader; the third is much 
shorter, but thicker and broader ; tlie fourth, which is at the 
comineneemciit of the eoimnon uterus, is the smallest. The 
caruncles of three other nnvs have similar proportions. In the 
cervix uteri the lining membrane is produced into numerous 
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closc-set longitiidliial lamiiuxj, supported on six successively larger 
transverse processes, tljc two last of which project into the vagina, 
and form the os tincie. The vagina exhibits at its commence- 
ment some longitudijial rugjc ; but tJic rest of its inner surface is 
almost smooth* 

The cornua uteri in the Goat and Shec}), fig. 546, <7, are rela- 
tively longer, more tortuous, and expand more gradually from 
the ends of the oviducts tluni in the Deer and Cow; their point 
of confluence is marked by the style f. The structure of 
the cor])us and cervix uteri resembles tliat in the Bison, The 
groups of laminie tliere present the appearance of a number 
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arc inclosed in the peritoneal capsules, situated close to the ends 
of the cornua uteri. The orifice of the capsule is chiefly formed 
])y the fimbriate pavilion. The cornua continue distinct some 
Avay after they are externally joined together, the actmd ^corpus 
uteri,’ or common cavity, being very short. The inner surfax’c of 
the (‘ornua is beset with thick soft eminences, chiefly in the 
longitudinal direction, which fall into longitudinal ridges as they 
approach the corj)iis uteri. This part opens into the vagina 
on a well-developed round os tincic. The vagina is lined by a 
loose usually longitudinally plicated inemhrane : it is separated, 
at the immature period, by a Avell-marked constriction from the 
urogenital canal. The urethra opens into the beginning of this 
canal upon a mammillary ])rominen(x\ The clitoris projects from 
a small semilunar depression, just within the verge of the anterior 
part of the nretlu'o-scxual canal : it has an ossicle. The rcctimi 
terminates close to the o})posite side of the vulva, and a common 
cloacal sphincter muscle embraces both apertures. 

Jn the W hite Jlear {Ursiis inanthnus) the ovaria are com- 
])letcly inclosed in a reflected (‘apsiile of the ])eritoneal membrane, 
like, the test(‘S in the tunica vaginalis: a small opening, however, 
leads into the ovarian capsule at the part next the horn of the 
uterus. The fimbriated orifices of the oviducts are situated close 
to tills apcu’tiire : the ducts j>ass round the ca]>sul(‘ in a tortuous 
course to the uterus. The two cornua uteri communicate with a 
short and wide corpus uteri, hetweeii wlilch ami the vagina there 
appears to be no very distinct boundary: a broad transverse 
rugous projection of the lining membrane liolds tlie l»laee of the 
os tincte. 'I'he vagiTia ks sejiarated from tlui un'genital (*anal by 
two trans^’ers(^ semilunar folds, continued one from each side of 
the longitudinal eminence upon w'liieh the urethra opens. The 
lining membrane of the urogenital canal is chiefly remark- 
al)lo for its dark colour and sharply defined ruga;, which arc 
mostly longitudinal, but in some jflaccs have an obrujue or 
penuilbrm arrangement. The clitoris lies concealed in a deei) 
jireputial cavity’*, attached thnmgh its \vlu)le length to the 
anterior or under part of the urethro-sc'xual canal : it has an 
ossicle. In Ursns Inhiatus the inner surface of the cornua uteri is 
marked by obtuse, depressed, irregular jirocesses, on which are 
utricular j)ores. The body of the uterus oflers a very contracted 
area; it terminates by a small circular papillose ridge in a 'short 
but wider canal, which traverses a similar hut much larger j)ro- 
minence, or os tincie: these valvular projections are minntely 
plicated. The lining membrane of the vagina presents many 
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small, irregular, transverse nigai at its commencement, but these 
gradually pass into the longitudinal direction at its termination in 
the urogenital canal, which is by a corrugated valvular fold. 

In tlie Ratcl {liatelus meUivorus) the lining substance of the 
uterine horns is disposed in thick loiigitiidiual and obllcjne folds. 
The os tincte is a double circular prominence. The beginning oi* 
the vagina is beset with numerous minute obtuse rugje, which 
become larger and more longitudinal as they approach the uro- 
genital canal : into this the vagina opens by a bilobed valvular fold. 
The inner surface of the urogenital passage is smooth. 

In the Bitch the capacious capsules of the ovaria have a small 
aperture at tlie part nearest the uterus. The fimbriated begin- 
ning of the oviduct is attached to the exterior boundary of this 
aperture opposite the ovarium; the tube itself passes in a wavy 
course round the anterior part of the ca[)sulc to the uterus. The 
cornua are long, slender, compressed tubes, with numerous flat 
einiiicnees on the inner surface : they are joined together exter- 
nally for neaily two indies before they comtiiunicate with the 
body of the uterus. "I'he interior of this part presents a few 
smooth, longitudinal elevations of the lining membrane. The os 
tiiicje is a smooth, thick, simple prominence. The true vagina is 
of considerable length, willi longiludinal riiga^: the urethra opens 
between a small transverse fold and the triangular flattened 
clitoris, beyond which is a second transverse crcscenlic fold with 
its concavity o[)posite that of the jiroccding. 

In the Civet ( Vwarra Ciretta) the ovaria approacrh nearer 
to the globular fi»rni than usual. They are situated in shallow 
cajisules, on one side of Avhich the oviduct conuncnces by a large 
elongated ajierture. The curiiua \iteri are long, slender, coni- 
jiressed, strai gilt canals. The corpus uteri is equally simple, Imt 
very short; the vagina is hmg, with a longitudinally rugous 
inner surface. The urogenital canal opens externally on a jiro- 
minent vulva, above wdilch there is a semilunar cutaneous dc- 
|)ression, which receives the du(?t3 of two large s(icnt-glands. 

In the Leopard ( Fdls Leopardus) tlie ovaria •present an elon- 
gated, eirnitical, flatteiied form, and are attached by one edge to the 
ovarian ligament : the pei'itoneal poiuih is large and wide, with 
an opening extending its whole length. In the Hyujiia the 
ovaria have a more cijinpact oval form, and are more completely 
inclosed in the peritoneal capsules. The fimbriated aperture of 
the oviduct is extended in the Leoi-iard along one side of the 
margin of the pouch ; tlie ovary itself forms the opposite boundary. 
In the Ilyania the pavilion forms a smaller proportion of the 
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margin of the capsule. The oviduct runs a short and tortuous 
course along the anterior part of the ovarian capsule to "the horn 
of the uterus: both cornua present, in the unimprcgnaied Leopard, 
the form of simple, straight, narrow, flattened tubes, with a 
smooth and even internal suiface, and they open into the eonnnon 
iitei-ine cavity half-way between their external union and the 
vagina. The os tinc;e is very prominent, and is beset witli 
numerous short papillose processes: in the Hyaena it is not papil- 
lose. The vagina in the JiCopard is a narrow canal, with a few 
smooth longitudinal ruga? internally, which terminate aln-ui)tly at 
the beginning of the urogenital passage : in the 1 lytena the vagina 
is wider with more produced longitudinal folds. The internal 
surface of the urogenital i>assage is beset with coarse pa|)lll;e, the 
larger ones being aggregated in longitudinal groups ; at its tcr- 
minatiou projcArts the clitoris : and at the sides of the passage, in 
the Leopard, arc the orifices of two large glands. The prc])uce 
has no ossicle or cartilage in the Viverrine or Feline Carnirorn, 

§ 39.‘b In Qnadnunaua. — The reapp(?araij(?e of liissencephalous 
charac?ters of the tbmale organs in the Icuvcst inemliers of the 
present grou]) indicates their derivation and divcrgcn(?o from some 
antc(‘edcnt common source. The smooth-brained LaniiridiP. with 
gvrenc(‘i)halous proportions of cerebrum sliow a common utero- 
vaginal elongate <;avltv, as in certain Bvnta^ and an external 
perforate clitoris, as in l 7 i^prf.ivora. 

In IWodfvticns^ Lkhanofns^ OtoUmui^^ Tnrsins and Stcuops 
(both St, (jrurUh and St, tardt(jr(tdus\ the ovaria are small oval 
bodies, in adults often presenting a granulate exterior; abvays 
suspended in a depression, which is a rudiment of the capsule of 
the broad peritoneal ligament. The oviducts commence by a 
fimbriated extremity exterior to the ovarii'S, and pass in front of 
those bodies in a tortuous course to the horns of the uterus. 
These arc sliort and wide, and begin by large obtuse extremities; 
they arc lined by a smooth, thick, and seemingly villous mcm- 
branc. After the junction of the cornua the eonnnon uterine canal 
presents internally a smoother surface, but begins to fall into a 
number of fine longitudinal rugie: it is eontinned into the vagina 
without any line or mark of distinction ; the same embryonal cha- 
racter, as in Dasi/pus and Bradfjpus, being here persistent. Tlic 
rugic arc more strongly deveh>ped in tins canal, which terminates 
by a round opening, fig. .547, />, half an inch anterior to the 
rectum, ib. a. Immediately iif front of the vagina is the clitoris, 
ib. c; it is a large and prominent body, perforated, like the penis 
in the male, by the urethral canal, which opens upon a glans cleft 



702 


ANATOMY OF VERTEBRATES. 


by a vertical fissure, and inclosed above and at the sides by a 
crescentic prepuce. The uretlira is consequently of unusual 
lent^th in these small Quadrumana, as it is in Moles and Slircws. 
When the cerebrum begins to show deep and definable gyrations 
a higlier type of female organs is indicated. The uterus is differ- 
entiated from the vagina by an os tincai in the Ayc-ayo, and tlui 
clitoris is distinct from the urethra. Moreover the vulva oj)ens 

at about one and a half 
inch distance from the 
vent. The uterine horns 
are relatively longer tluin 
in most t>tlier Leinuruhe, 
Tlie os tinea', a]q)oar3 trilo- 
bate through fission of tlic 
anterior valve or ‘ lij).’ 
Tim vaiifina sliows the 
usual provision for dilata- 
tion in the loimitudinal 
folds. The urethral orifie(3 
defines a urogenital tract 
about one-tliird the length 
of tlic vagina : the j)re[)ii- 
tiurn elitoridis opens by a 
transverse crescentic fosvsa 
anterior to the urogenital 
outlet : the crura elitoridis 
embrace the urogenital 
passage l)efore uniting, on 
its fore wall, into the body 
of the clitoris the glans 
is siibl)ilobate. 

Rircttun, v;v?ina atid urethra, Stenops tarcligra^lus. lxix' In the Mongoose and 

otlior s[)ccics of true Lc- 
mur, the uterus coinmunicatcs with the vagina upon a distinct 
valvular prominence or os tincaj ; but the clitoris is situated more 
within the verge of the vulva tlian in CItiromj/s, and is perforated 
by the urethra. The rug® of the vagina are well developed, and 
are of two kinds ; the stronger ones are longitudinal, in the inter- 
spaces of whieh are smaller transverse or oblique folds : these 
assume a penniform arrangement near the outlet. The clitoris is 
inclosed in a large and tliick internally plicated prepuce. The 
external labia arc continued from the dorsum of the clitoris ; within 
* ccxiii'. p. 97, tub. 3, figs. 2 and 3. 
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tliese there are two smaller folds, or ‘ labia minora/ continued from 
the sides of the clitoris to the opposite part of the vulva i and on 
the internal surface of each of these folds there is a thick longitu- 
dinal process of membrane projecting like the ‘ caruncuhe myrti- 
forines,’ into the cavity of the vagina. 

Ill Platyrhine Monkeys the uterus is long and narrow, with a 
truncate fundus, the angles of which are not |)roduced into cornua : 
it begins to show thicker muscular walls. The os tiiK'je is bila- 
biate: the urogenital tract is relatively longer than in Ijmur^ 
equalling that of the vagina. The clitoi is is of unwonted length, 
and is pendent outwardly, like the penis of the male, in the Spider- 
Monkeys (Atelcs) : it is not perforated by the urethra; this oj)eus 
upon a longitudinal <‘old extending from the constricted limit of 
the proper vagina to the vulva. 

in Chitarhiiies the urogenital tract is ulwiiys much shorter than 
the vagina, and the uterus Is long and slender. Li Papio 
Mormon the distended clitoris is three inches in length : the 
glans is smooth : the inner surfa(*c of the proper vagina is 
obliquely and transversely rugous: the external lal>ia become 
much swollen at the heat. In both llaboons and Ma(*acqiies tin; 
tunics of the uterus are thinnest at tlui fundus, the angles of 
which are slightly produced, like a last indication of cormia. 
At the cervix there are seen, besides the longitudinal folds, two 
bulbous processes of the lining membrane ; below these a large 
os tincse, with a remarkably irregular surface, projects into the 
vagina. This canal is lined by a dense epithelium, and presents 
a few large longitudinal, and numerous small, eoinpresscd, trans- 
verse and ()l)li(inc ruga% the margins of which arc crenated. A 
transverse line divides the vagina from the iiiogenital canal, at 
the commencement of which is the teriniiiatiou of the urethra and 
also the orifices of the glandular sinuses, called canals of Gartner 
or Malpighi. In MacMnis Siknns^ Hunter comj)ares the constric- 
tion with a caruncular prominence at the heginiiing of the uro- 
g<‘nltal tract to the ‘ hymen the ‘ glans clitoridis ’ is sub-hifurcate. 
In thcXTreeii-Monkey and other species o(* Cercopithveus, the ovaria 
are compressed, and ai)proaeh the triangular form ; the oviducts 
enter the angles of the fundus of a sun[)le undivided uterus : the 
cervix uteri is occupied by several irregular longitudinal ruga^; the 
internal surface of the vagina presents a few oblique rnga\ The 
urethra, in Cere, SabmiSy terminates two-thirds of an inch witliin 
the vulva, upon a longitudinal prominence, on each side of which 
there is a transverse ridge dividing the vagina from the urogenital 
passage: immediately beyond the constriction there arc several 
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small oblique i)lications of the Huiug membrane. The clitoris it) 
Imperforate; on each side of it there is a tumid process of integu- 
ment, making a kind of prepuce. From these processes two 
ridges ])ass backward to llie sides of the vulva, of which tliey 
constitute the labia, and between these there is a groove running 
from the clitoris to the urcthro-sexual canal. In the tail-less 
Apes the fundus uteri acquires increased breadth; the general 
walls are thicker than in Monkevs; but the entire organ is longer 
and more slender than in the human subject. 

§ .‘194. In lihnftn/f , — The ovaria of the adult female are oval, suh- 
depressed bodies, fig. 548,/, sus))ended by the layers of peritoneum 
coutiiiued from their surface to the ‘ broad ligament/ within which 
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is a cord of sclerous tissue passing from the uterine cud of the 
ovary to the woml), and called Migamentum ovarii/ ib, hi a pro- 
cess of the pavilion connecting these to the o|>positc end of the 
ovary is called ‘ tubo-ovarian ligament,’ ib. e. The depression of 
the M>road ligament’ between ovarium,/, and oviduct, r, shown 
bv raising the former, answers to the ’’capsiihi ovarii’ of low’or 
Mammals. The aiit(!rlor surface is less (‘(uivcx than the ])ostcrior 
one. The ovisacs expand in a dense tissue or ‘ stroma,’ fig. 534, in- 
closed in a sclerous tunica albuginea: with tln^ adventitious tunic 
wiii<*b the ovisacs dtn’ive in tlicir enlargement from the stroma, 
they form the cavities called ‘ Graafian vesicles.' In the young 
adult female tlie surface of the ovary is smooth : it allerwards 
becomes scarred by the cicatrices of ruptures caused by discharges 
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of ova, of which a recent instance had occurred in the ovarium, 
fig. 549. 

The remnant of the AVolffian body, noticeable in most lower 
Mammals in the form of a 
group of parallel wavy tu- 
bules extending from the 
ovary between the layers of 
the broad ligament, is con- 
stantly present in the human 
subject, and is termed ‘ paro- 
varium,’ fig. 550, ff, />, c, dy 
the terminal ciecuni becom- 
ing enlarged, as at /*, to form 
the so-called ‘hydatid* of 
the broad ligament : con- 
tiguous cicca, />, have a tendency to become dilated : those at 
the opposite end l)ecoine atrophied, r/, as does likewise the 
duct c, the terminal portion of which, known as ‘ (Ijirtncr’s canal’ 
in lower Mammals, can seldom be recognised in the human 
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female. The ‘ j)avilion ’ or abdominal aperture of the oviduct 
(‘ Fallopian tube,’ Anthr., iig. 548, d.) is richly provided with a 
iVingc of irregularly crontitc folds radiating from the beginning of 
the canal : the <luct dilates beyond this orifice, and then gradu- 
ally contracts to almost capillary ininntoncss: the siirfiicc of the 
lining membrane of the tube is augmented by the folds continued 
from the fimbriie, and chiefly longitudinal in direction ; these 
subside about an inch from the uterus, where the oviduct again 
begins slightly to dilate : where it enters the uterus the longitu- 
dinal impressions teriiiinate abruptly : the e])ithelium of the lining 
VOL. ill. z z 
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nienihrane is ciliate. Such is the structure of the human oviduct, 
as shown in the preparation, No, 2823, A, xx. vol. iv. p. 189; ])nt 
there arc varieties, as in iig. 550. A remnant of the primordial 
oviduct, or * duct of ]\fiiller,' is constant, in the form of tlie 
pedunculate hydatid, fig. 550, /. 

Tlic Jmman uterus, of the shaj)e and dimensions shown in the 
sections, figs. 551 and 552, is more compact, more muscular, than 
in Quadruviana^ has a broader and more convex fniKliis, a more 
marked constriction between the incubatingand transmitting parts, 
and these arc more distinct in their respective stnictures. The 
former, fig. 551, wc, wliich is analogous to and homologous with 

o:>l TM'i 
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the ‘cornua uteri’ of brutes, is tenned, iu Antliropotoiny, the 
‘ body’: the part, ib. e e, wliich answers to the ‘ corpus uten ’ m 
brutes, fig. 546, b, c, d, is termed ‘ cervix uteri.’ The relations 
above enunciated receive an interesting confirmation in tbe^oe 
casioiial anomaly of the human uterine structure shown in fig. *>4 
' The enlargement for the lodgment of the foitus and its appen 
dages is limital to the incubatory jiart, the inner surface of which 
in the unimpregnated womb is snuMith, and by contact closes t ic 
cavity, as at i, fig.. 552. The cervix, i, p, has its inner surface in- 
creased by numerous plicate fold-s and fniTows; in many instances 
diverging from an anterior and iiosterior medial longitudinal 
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rklge; and here a Hlcndcir Aisiforin cavity, occupied l)y secretion, 
is maintained. 

AVhat is called the Mining membrane’ of the uterus is a layer 
of substance, fig. 570, ineludhig forinificd corj)us(dcs or ‘ nuclei,’ 
fusiform fibres, and amorphous matter traversed by the irregular 
tortuous canals, called ‘ utricidar glands or follicles,’ and by capil- 
lary blood vessels, which form an angular network, fig. 55;], on the 
surface, the ‘ utriculi ’ opening in the centre of 
the meshes. This substaiu^e is readily slied as 
‘decidua,’ and renewed. At the ‘cervix’ a true 
‘ lining membrane ’ becomes differentiated, 
composed of basilcnima., fibrous and vascular 
tissues, follicles, aud ])apilhe, the free surface 
showing a })rocipit ate of tessellated e))ithelium. 

'fhe ‘ os uteri’ is a transversely clli[)tic con- 
v(ix jirotuhcranee, ui>on which the woiuh com- 
municates with the vagina by a transverse 
fissure. It is directed obliquely backward, 
and when divided, as hi fig. 552, jirescuts an 
‘ anterior lip,’ r/, and a jiosterior lip,’ p. The 
l^osterior commencement of the vaginal canal, 
f\ overarching the ‘ (xs uteri,’ is called ‘ fornix.’ 

The peritoneum is continued over this part as 
far as the line or rofiection u|)on the rectum, r. 

Anteriorly, the peritoucum is reflected from 
the uterus at the heginning of the cervix, which, 
from b to 5, is connected to the urinary bladder by areolar tissue. 
The round ligament of the uterus consists (d‘ fasciculi of unstriped 
fibres, continued from those of the angles of tlic ‘fundus uteri,’ 
fig. 548, //, iinduscd by peritoneum, and continued to the iuterual 
inguinal ring ; here it ex[)auds, and separates into an inner fasci- 
culus lost in the tendons of the internal oblique and transversalis, 
a middle one in the upj»er column (»f the e.xternal abdominal ring, 
and an external one to the inferior column. It is a rudinicntal ho- 
niotypeof the cremaster of the male in its jirimitive inverted state. 
Authropotoiny extends the term ‘ligament’ to the different 
J!<heets or folds of peritoneum continued or reflected from the 
uterus. One of those incloses the ligament of the ovary con- 
tinued upw«ard into the remnant of that of the primordial kidney. 
The vagina is a suhdepressed cylindrical canal, eoimneneing as 
in fig. 552, and continued to near the vulval outlet, where it is 
hounded anteriorly by the prominence of the vestibule on which 
the urethra opens, tig. 554, u, and posteriorly by the usually 
erescentic fold, which more or less constricts the distal orifice of 
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the vagina, ib. va. The inner surface of the vagina presents 
numerous close-set, transverse, often vcrrucose, rugic, sometimes 
diverging from o|)poslte longitudinal tracks, as columnie ruga- 
rum,’ on the fore and back j)arts of the walls: toward the vulval 
end of the canal the ruga) become broken up into shorter promi- 
nences, or ‘ leatlets.’ This part of tbc vagina is surrounded by a 
^ constrictor ’ muscle, fig. 554, 5, between which and the inner 

membrane, ib. iv/, there 
is, on each side, a gland, 
//, which sends its secre- 
tion by the duct, rf, into 
the urogenital passage, 
between the hymen atul 
nym}>hie : it is called the 
‘ vnlvo-vaginal ’ gland, 
arul answers to ^ Cow- 
pei’s ’ ill tlie male. The 
iirog^Miital jiassage rare- 
ly cxcecils an inch in 
length: it incliid(;s the 
pnaniiieiiee or ^ vesti- 
bule,’ ib. ?;, upon wliicli 
the urethra opens; the 
clitoris, c, with its jvre- 
jintium, pc ; and tfie 
pair of highly vascular 
folds, w, continued from 
the clitoris downward to 
the lower boundary oi’ 

KstfTual frjiialo j'arr.-<, lliiiiiriii. ii". - • 

the jiassage. .1 he vulva 
is chiefly composed by the ‘labia,’ ib. I (the right one has ln‘cn 
removed in the figure), which are lateral folds of tegumentary 
and ‘ dartoid ’ tissue, including filirons and adipose substance. 
The outer jiart is hairy skin, the inner layer is smooth, vascular, 
pinkish in colour, and furnished with many muciparous and seba- 
ceous follicles. Above their upper commissure is an eminence 
of fibrous and adipose tissue, covered by integument which, at 
the age of ])u1)crty, becomes clothed with hair. The labia are 
homotyjics of the scrotum: the clitoris is a miniature representa- 
tion of the penis, and has its ‘ crura,’ ‘ body,’ ‘ glans,’ ‘ suspensory 
ligament,’ ‘ erectores muscles,’ aud closely conformable vascular 
structures, with the addition of large contiguous venous plexuses. 
Its nerves are equal in size to those of the penis. 

* Thesp, cjilltxl ‘nyniphacs’ are of unusual length in some low varieties (Hottentot. 
Jjo.'schismen) of the human species. 
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CHAPTER XXXVIII. 

generative products and development of mammalia! 

As the leading forms of the Mammalian spermatozoa have been 
already given, and as their development does not differ in any 
essential degree from the process described in Vol. I. pp, 589-592, 
I proceed to uotiec the correlative act which is truly characteristic 
of the present class, 

§ .‘195, Ovulation in Mammalia, — Tlie ovum in Mammals, 
eliaraeterised by its extreme minuteness, was reciognised soon 
after the microscope came into use. I)e Graaf ‘ (1672) discovered 
it in the oviduct t3f the Rabbit. Haller,^ unsuccessful in tliis 
quest, lent his authority to discredit tlic statements of the Dutch 
analoniist; l)ut Cruikshank** (1797) confirmed and established 
their accuracy. Nevertheless, up to 1824, the Mammalian ovum 
was known only as it appeared in the oviduct. 

Provost and Dumas, indeed, twice detected a less pellucid 
s])herical cor])Usclo, a millimeter in diameter, in the ovarian or 
Graafian follicle, and deemed it very probable that thence was 
derived the ovidueal ovulo.^ Von Baer (1827) raised the proba- 
bility to scientific certainty by a scriovS of observations of the 
ovarian ovum, made in the Bitch, Cow, Sow, ]^!Iwc, Rabl)it, and 
also in the Human ibmale. He deemed, however, this ovarian 
ovule to answer, not to the entire ovum of lower Vertebrates, but 
to the ^germinal vesicle’ of such; the fluid of the Graafian 
vesicle he homologiscd with the \yolk,’ and its lining membrane 
with the ‘ membrana vitelli,’ so that the Hiraafian vesicle’ was 
still to Von Baer, as to Prevost and Dumas, the ‘ovum of the 
ovary,’ ^ Soon followed, however, an almost simuUancous series 

* CKJLVl". * CCLVIl", * CCLVIU". ^ CCIAX'\ 

* * Vcakula ergo Graafmna cum ad ovarium geniratinujue ad corpus matervum 
rrspicituiius, ovum mne est manimaiinm. S«d evolutioiuMu quml altiiiet, vt lieiriontor 
discropat a roliquonun ovo aninwiHuni, qiioruin ovi nuclous * x ovario dovo- 

Ijitur, nastrif iu’O non sedfui tantum pnebiturus sed in ipsiun potius iVliini traiis- 
tonmiiulus. In mainiiKilibus voro visicida innaia inat^is fx^'iiUmn funtinot 

tit rationv ad J'eturu genUunm hduta vtrum sese prohat ovum, Ovo J'cfalc did possit 
in ovo materno. Mammalia rrgo habmit ovum In ovo aul, si h:u* dictndi forniala uti 
lij'ut, Ovum in soennda potentia.' — P, 32, ‘QuH|)r«)ptcr in vi siciila (iraafiana di‘.s(Til)cncla 
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of observations^ by which the ^ germinal vesicle, the ^ gemma 
spot,’ the yolk, arul yolk-membrane, were ilctermined in the 
minute opaque sphere ; and thus was the ovarian egg of the 
Mammal finally made known. 

The ovisac and ovum apjiear later in the ovary than do the 
seminiferous tube and spormatoon in the testis. The first-formed 





Ki»ni)?fr iofi of rlK* ovisic, l)ov. rri.M", 


wall, ib. />, constitutes the ^ 


elements in the fetal ovary are 
those called ‘ cells’ and ‘coll- 
nnclei ’ : next appear roundish 
groups of siudi primary cells, 
rather more opaque than the rest 
of the previously uniform mass, 
fig. ooD, A. A film soon conden- 
ses round these purposive gron])s, 
ih. n, upon the inner surface of 
whi(di forms an epithelial preci- 
pitate from the fluid and granults 
of the interspa4*cs of the contained 
primary cells: within the ‘ovisac’ 
thus fornuMl a larger nmdeate Cfdl 
becomes visible, which is the ho- 
ginning of the ov.um. As the ovi- 
sac exj)ands the pr()j)ortion of fluid 
to the formilied particles increases, 
and the latter are attracted to the 
contiguous surfaces, some to that 
of the ovisac, Avhicli thus Ixjcomes 
lined by a t ickor layer of cells, 
others to tlie ovum, accumiilatuig 
around it. W'itli the enlargo- 
inent of the ovisac, tlie ‘ stroma 
ovarii’ condenses arotind Its deli- 
cate ineml)rane, fig. o jfi, A, to form 
the ‘ theca folliculi ’ of Baer. 
This vas(*nlar covering of the 
ovisac, ib ^/, with the projjcr 
Graafian vesicle or follicle.’ The 


stratum of nucleate cells lining the ovisac is tt'rincd ‘ inembraini 


vof^o oindi 3' jnpcr uaiis sum, quia vcsicala (iraailana ipsa ovum I’cfcrt, rospoolo 
ovario, 4‘X ovuio ;iuo in, tit ovum fi lalt*.’ . . . ‘ Kx quo oonvludo: quo Jifditts in vorpore 
wfiUrvo Jorf-nlK r, to maais jam primif us excvlf a videtur ori visinda innnta, qu;'.? 

in imt m iiialihns co pcrvcnil n! omws ovi virtutts in i'C.sc Tcdpial it reliqv(jp ovi -pujU'S 
parvi m<n;irnli. (txfrantfe'qmvd fnaiL’ ccxux". p. 33. [The itulios arc* V. liaer's.] 

' tCl.l". CCLll". 


OVirONT IN MAMMALIA. 


711 


rjoG 



in, K:ibl>it ; 


granulosa,’ those which surround the ovum itself form the ^ pro- 
ligerous disc,’ ib. e, and the mass of cells thereto adhering is the 
‘ cumulus.’ The ‘ Ifyalinion,’ or proper tunic of the ovum, tliickcns 
into the clear substance called ^ zona 
] )el lucid fi,’ /*,* The cells immediately 
around the ovum, as it ripens, elongate 
and become pyriform, with the pointed 
end attached to the ‘ zona ’ : those of 
the cumulus diverge irregularly into the 
fluid intervening between them and the 
‘ mcnibrana granulosa ’ of the ovisac: 
but the four groups, defined by Barry* 
as ‘ retinacula,’ ib, r/, and fig. 559, g 
2 , may be an exceptional disjmsition. 

The ripe ovarian ovum, freed from 
its cellular ])rccipitatc, fig. 5o7, is inclosed in tlie thick trans- 
parent structureless ‘ hyalinion,’ a : its vitelline contents arc 
opaqnc through tjie abniulanee of granular yolk-substance, 
in this is the ‘germinal vesi- 
cle,’ with its miclous or ‘ ma- 
cula,’ ib, c ; it is more readily 
seen when the yolk is dis- 
charged from the ruptiiretl 
ovum under prosvsure, as at 

§ Oc//vewL - The nia- 
tiiratioii of ova occasions the 
‘ rut’ or ‘ heat’: in many 
brutes it is annual ; in the 
Ferret Iwici^ a year; in tlie 
domestic liabljlt, ('at, Hog, 

Hiteb, it may recur three 
timers a YC'ar or oftcuer : in the llunian female it is menstrual. The 
number of ovisacs and ova which ripen at eaeli rut varies accord- 
ing to the nnilti|>aiity or uni})arity 
of the s[)ecies: in the Sow, e.g. fig. 

5.18, there may be from four to six or 
more iii each ovary ; in the Orni- 
thorhynehus, fig. tlierc arc two 
only, and these limit<;(l to the left 
ovarium ; in the lIumMii female 
there is rarely more than one. The 
I’ut involves a deKrnniimtion of 

* As luM’c. sltowu it looks liki‘ :i ‘zoiuj;’ Imt is a b:i;p. not a bi ll. 



Maiuniriliuu nviriMU ovinn ; iiifisjii. cocvin. 



Ovaiy, \vi<li rijM* ; 

iiai. 111". 


712 


ANATOMV OF VERTEBRATRS. 



OvuTiJ, wllh tunloji .»f r In; in tin* ru't 

«t from a niiitunal (olU«-io. ci\'. 


blood to the ovarium, and especially to the swollen ovisac and its 
adventitious coverings : a thinning of these takes place at the 
most prominent part, to which the ovum tendsr: blood is extravii- 

sated into the ovisai), which, 
partly by absorption, partly 
by pressure, yields and gives 
issue to the ovum, fig, 5;39. 
This ha})pcns whether the 
male have access to tlie fe- 
male in heat or not. In the 
Human kind the ovIj)ont 
concurs witli and prol)al)ly 
occasions the inciivStrual dis- 
charge.* The uniin[>n!gnatod 
ovum may escape, as an 
impregnated one has some- 
times done, into the abdo- 
minal cavjty : but, save that 
it probably ])erishes in its 
normal progress outward, it 
might be said that a woman lays an egg every time she men- 
struatcs—Jin egg reseud)ling in all essenlial structures that of 
the bird, but not exceeding - .1 ..th of an in(‘h in diameter.'^ Some- 
thing like a sanguineous discharge lias been observed in 
drnmana; but the more constant concomitant of the rut in that 
order is the swelling aiul vas(!idarity of’ the external ]>arts of 
generation. In tlie Mare an ojaupic white secretion is ejected ]>er 
vulcam at the heat. 

§ 397. Corpus luteuui,- the cscajio of the ovum, with 

other contents of the ovisae, the Avails of that cavity become 

thickened and altered in colour : in most Mammals they are 

partially everted at the rujitured orifice, fig. oGfi, /y, h. In the 
Cow and Sheep such altered ^ Graafian follicle ’ assumes a brick- 
red colour; in tlu^ Sow a yellowish brown ; and in the Woman 
the briglitcr (rohmr led to its being called a ‘ corpus luteum.* In 
her the walls of the distended ovisae, compressed by the tunica 
albuginea ami surrounding stroma, arc thrown into delicate folds, 
fig. 560: the blood-clot wliicli may have remained after the 

escape of the ovum is progressively absorbed. The plicated 

ovisac then contracts upon the cavity, and by the time the suc- 


* CCLITl". CCLIA"". etJ/v". 

* In cccviii. tluMKanjctor of tin; inatnro ovarian ovum is given, as being, in man 
dog ii-6, cat tsb. rabbit ^ raf 5*5, nioiiso pig .1,., ,.„w guinea-pig 5J5. of an inch. 
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ceeding ovisac with the ripening ovum has begun to protrude 
from the surface of the ovary, the old ovisac has lost its yellow 
colour, with much of its size, and has retired inward. This move- 
ment, with the collapse of the wall, depresses the cicatrix of the 


500 



liiteuuj,' after e.-^tMiur of ovinii, IIuMian, ccxi.vi". 


aperture; and by these successive shrinkings and cicatrisations 
of the buivst ovisacs, the ovary bc(*oincs marked l)y pits and fur- 
rows in advan<?ed life. If the ex[)elled ovum be not impregnated, 
the changes of the ovisac into the yellow convolute cavity, then 
into a small Avlilte stellate body, may occupy two months in the 
lliiinari subject ; but, il‘ the maturation of siujcessional ova be 
delayed by imj»regnatioii and its conse(|iicuccs, the first change 
goes on to a greater degree, and the ‘ corpus lutcum ’ is not obliter- 
ated in less time than I'rom tliirteeii to foui tecn months : the 
inner coat, or original ovisac, is more thickened by a larger de- 
posit of yellow oil-granules; 
it becomes more dce[)ly pli^ 
cated, is then com{)acted into 
a yellowish mass, ami gains an 
adventitious white liningmem- 
branc, fig. ofil. Kartdy until 
after full gestation and deli- 
very is the cavity obliterated : 
it is then represented by a 
stellate linear figure surround- 
ed by the ‘ corpus lutcum,’ ScciiviKif JhiiiKin uviir.v with* curpus lutvuni/aCtor 

, , / . tvxi.vi". 

which IS ultimatolv absorbed. 

§ 398. Iniprcynation. — After coitus the spennatozoa find tlieir 
way to the rallopiau tubes, or oviducts, and might come 
into contact with the ovarian oviun, through the opening iu 
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the ovisac, prior to its expulsion, hut they have never hoen 
traced so far. They were first seen, by Martin Barky, to 
have penetrated the ^ zona jiellucida,’ in a Rabbit’s ovidueal ovum, 
r>ni> fig. 562. No definite single pore or 

‘ inicropyle’ for the entry of the speriiui- 
tozoon has been detected in that delicate 
evanescent tunic of the IMamnialiau ovum, 
'Die ^gcnuinal vesicle,’ or ‘germ-cell,’ 
<lisappears as such. A somewhat more 
opaque ‘embryonal cell’ succeeds, whicli 
may be, or includes, a combination of the 
nuclear matter of the sperm-cell Avith 
..vmn ».f Hubiiit, i-fn. gemi-cell. Tlieii follow 

.•{oodLiiu.tomrunirdiutvr.xr'. ijutuil steps, figs. 563-565, which 

Barry’s caj>ital discovery showed to be the same essentially 
in iMainmals as In all lower animals; and the entire yolk under- 
goes the cleavage-process in its coinl)iiia- 
tion with the progeny, of thp> embryonal 
cell. ATost of these initial steps are taken 
ill the eourse of the impregnated ovum* 
through the oviiliu't. 

While in this narrow tube the ova are 
rolled to and fro liy its peristaltic aidioiis 
in a transparent fluid more or less abound- 
ing with spermatozoa ; and the more of 
, th(*se get access to the volk the more 

Ovum, iricre .’ulv;iii<‘*‘d in II' , 

dii.r, }i:ibid( ; i.iivn, :i.vi ircrtam aiul complete is its segmentation. 

A\ itli the formation of the embryo-cell 
the yolk beiannes separat ed by fluid from the ‘ zona pcllueida,’ 
and begins to rotate Therein, as indicated l»y the arrows in fig. 




562; one or two minute granular or oil- 
boilies may ajqiear in the surround- 

A division of the primary crnbryo-cell, 
\| 'h with mutual re|>uLsiou of the two sccoikI- 
/ llj ones, is Ibl lowed by cleavage of the 
//// through attraction round each 

^ secondary cell, fig. 563, of the ])arti- 
cles contiguous thereto. A re[)etitioii of 
Ovmj! fri>:n Mm* iiit riiM* lirdf of Mu tliis process issues in the four divisions of 

<nidiu-C, l{:ilii>H ; lii.ijn. Il.V) iii.'ini .1 ii /t -y,. 1 • .1 *11 

rn.xi". tlic, germ-yolk, fig. 564 ; then in the eight, 

as in fig. 565 ; and so on until the whole is worked up into a 


* c'cf.xr', ccxi.TX. for tlie saiiu* plirnonuTiii in Acff»Iialsi ( Viutt and Aticnliai)^ p. 52f»; 
in (iJiritropods, p. iKili. 
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mass of finely nucleate corpuscles; amongst which the qualities 
of the parent embryo-cell, due to impregnation, are thus equally 
distributed. 

The eight- fold cleavage of the yolk has been observed three days 
after impregnation in the Rab- 
bit, four davs in the Guinea- 

.7 ^ 

])ig, and ten days in the Biteli : 
always in ova toward the ute- 
rine end of the Fallopian tube. 

In the Bitch the smooth 
surface of the zona pcllucida 
becomes irregularly fiocculent, 
as if* a granulo-inucous sub- 
stance had been deposited 
thereon : in the Rabbit the 
ovum acquires a thick a<lven- 
titious layer of albumen, fig. 
oho, l)efore eiite/:ing the ute- 
rus ; in the (iuiuea-pig the 
Z(Uia continues smooth ; and, 
after entering the uterus, on the fourth day, it grows fainter as 
tlie mulberry slate of the yolk is there attained, and it tlisappears 
when the germ-mass is completed. The act of im|)iTgnalion being 
thus consummated, ulterior changes with maiufold modifications 
attend the develoj)ment of the ovum in differeiit Mammalia. 

§ Dn'clopmcnt of Ahnotn^niftht . — The ripe ovarian ovum, 
though large in proportion to that in higher, esj>eeially ])laeejital, 
Mammals, is very much loss than in Ib'rds or Reptiles. Its 
external coat is thick, smooth, highly refracting — a true ‘ zona 
pellmada’: the germinal vesi<*le is ^juth of an inch in diameter: 
the larger ]>roportIon of vitelline matter, rich in granules and 
oil globules, is the chief distinctive eharaeter of the mono- 
Iremalons ovum as a Mammalian one. I found two ovisacs 
with such mature ova in the loft ovary of a female Ornilhorhyii- 
ehns, killed in Se|)teud)er, In a sp<‘clmen killed on the fith 
of Oetobev (Yas River, N(uv Si)uth Wales), the left ovary pre- 
seiiteMl two discharged and altered ovisacs. The ova from these 
were situated at the upper pnrt of the loft ntcaais, and at the 
distance of abmit a line from each other. Each was splierh^al, 
and measured two lines and a half in diameter ; the gei*m-mass, 
originally pale, had deepened to a yelknv ciolonr in the preserving 
liquor. The outer tunic had received no adventitious covering, 
hut retained its snujoth and polished exterior^ and had not con- 
tra<!ted any adherence to the uterine parietes. Each ovum was 


mo 



(iviMii fr*>?n uliTiiic nf f Ju* oviilui’l , Milli Mk 
j<>!i nf :i :;i.\ i-r 'ii; :4l!)Uiii(-li, in.'tvrii 

;r><) iiiaiti. ff.’i.xj''. 
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imbetklcd in the soft, thick, plicated, smooth-surfaced, and well- 
orsranised lining membrane of the uterus. In a second Omitho- 
rhynchus, shot in the same locality, on the 7th of October, the 
ova, fiix. 506, c, c, from the two dischariijed ovisacs, ib. ft, fr, were 

situated a little below 
tlie middle of the left 
uterus ; they were also 
spherical, each three 
lines in diameter, of a 
lighter colour than the 
[ircceding, sj>ecially at 
the up[)er part, from 
the subsidence of the 
contained vitelline or 
irerminal mass : 
were smooth, and rolhid 
freely out of the posi- 
tion. where they were 
lodged. In a third 

Lrfr, iift.rsi-f rli> iiclius lA.wii'. . . 

specimen, shot on the 
evening on which tlie first specimen was obtained, the uterine ovum 
had the same siiherical form, .smooth exterior surface, and freedom 
from Ciumexion with the uterus ; but was of a lighter colour, owdng 
to the increased rjuantity of Its fluid contents, to which its greater 
size was chiefly attributable. It measured three lines and a half in 
diameter, and was situated in a dojircssion or cell a little below 
the middle of the lelt uterus. The lining membrane of the 
uterus was much thickened and highly vascular in each of the 
above specimen.^. lu all these ova the contents were of two 
kinds, viz. a greyish sub-transparent fluid, ami a yellowish denser 
mass, Avhieh varied in tlieir relative priiportions as above-men- 
tioned : in the largest ovum, the yellow mass, germ or yolk, 
occupied about one- third of its cavity, while in the smallest it 
consli tilted foiir-fiftli.s of tlH3 whole mass. The membrane, which 
may be tbe liyallniou or " zona pcllucida’of the ovarian ovum, but 
wliieli I would still, as in 1834, call ^ chorion,’* offers a moderate 
degree of re.sistaiico when torn open, ami yields equally in every 
direction w hen separated from the yolk, the rent margins curling 
in\fards like tbe coat of an hydatid. This membrane is of a dull 
greyish colour, iiielining to hrow'ii, slightly transparent, and more 
polished uj>on its inner than mion its outer sui'fuce. The fluid, 

* This term slguifii-.s llio ‘ oiiler tunic’ of llio. uterine ovum : it rmiy be ‘zomi’or 
something hiid upon the zomi, or Komctliing Buperse^ling t.lio zoiui, such a.s the animal 
l;v\er of tin- l)lnsto(lonmi, or tho outer or vascular layer of tlio allantois. 
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answering to that which appears between the yolk and zona pellu- 
cida after impregnation in the Rabbit’KS ovum (fig. 562, marked by 
the arrows), occupies a situation analogous to that of the albumen 
in the egg of the fowl, but ha<l not become coagulated by the action 
of the spirit in which it had been so long immersed: it divides 
the chorion, fig. 567, from the vitelline membrane, ib. b : this 
membrane, fig. 568, «, is thin, smooth, 507 

and transparent; adherent to parts of — 

its inner surface was a thicker granular 
layer, answering to the ‘blastoderm,’ 
or germinal stratum, fig. 568, In 
each of the above imjiregnated Mono- 
tremes ^ the discharged ovisacs, fig. 

566, 5, />, were of an elongate flask- 
shaped form, about three lines in 
length, and two in diameter, with the 
margins of the orifice, through which irnm ovM.M, 
the ovum ami granular substance bad on:iri.>:hv,Mhn-. r.xwn'. 

passed, everted, with a slight contraction, resembling tlu? neck of 
a flask, below the ap(‘rturc. On compressing thes(i ovisacs, small 
portions of coagulated substance escaped. 

When longitudinally divided, they wore fimnd ’ 

to consist of the same ]iarts as the ovisac “ 

before impregnation ; but the theca, or Inner- 
most parietes of the sac, was much thickened, 
and encroached irregularly ujH)n the emj)ty 
space, S4) as to leave oidy a cylindrical passage 
to the external opening. 

Oil the 8th of December Dr. I>ennett dis- 
covered in the subterranean nest of an Orni- 
tborbynchns three living young, nakeil, not (piite two inches in 
length, fig. 6()(). On the 12th of August (1864) a female 
Echidna /u/sfrh: was ca|)tiired in tin; hollow of a ]>rostrnte 
‘cotton tree,’ in Colac Forest, Vi<‘toria Province, Australia, 
having a young one, fig. 603, c, with its head buried in a mam - 
niary or marsupial fossa, ib, c. This young one was naked, of 
a bright red colour, and one inch two lines in length. l>etween 
the condition of the uterine ovum, as in fig. 567, ami that of the 
(probably new-born, or rei'enlly born) young Alonotreincs, above- 
mentioned, I have not hIth(‘rto received materials for further 
elucidating the development of the fieins in this singular group of 
Mammals : whether cleavage of the yolk takes place prior to the 

* rxxvii'. I was iiidt'bted to my <»ld tViond aiul fellow-studi^ut, GKouviK BKNNKTt, 
now F.K.S. for the above inentioued spoi’inieus. 


riir! full of tin* vifi’Ilino nii*n 
li:-i:u“ •-’fiiiMti.'iI Urnfiin 
Oriiit liiii iiy T-X x.vi l' 
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cntiy of the ovum into the uterus still remains a matter for 
observation. The young of both Ornithorltynchus and EchUlna 
will be (h'seribed in the chapter on the Mammary organs. 

§ 400. Development of Marsupiali a . — On the 27th of August 
(1833), a female Kangaroo {Alacropus major caj)tivc in tlie 
Oardens of the London Zoological Society, received the male. 
She stood with her fore-paws off the ground; the male mounted, 
more vanmo, embracing her neck wdth Ids fore-paws, and retained 
his hold during a full qiuu'ter of an hour: during this j)eriod the 
coitus Avas repeated three times, and on the se(^ond occasion mndi 
fluid escaped from the vulva. Tlic male Avas removed from the 
female in the evening of the same day, and was not afterwards 
admitted to her. On 8e])tember the 2nd, six days after the 
coitus, I examined the pouch of the fetnale ; and this scrutiny Avas 
repeated every morning and evening until the birth of the young 
Kangaroo liad taken |)lac(?. It happened in the night of October 
4, thirty-eight days after the coitus. On the morning of the dth 
o:* Octob(‘r, T found tin? young in the pouch, pendant from the 
tip of the left upjKvr lupple, of tluj size and shape shown in flg. 
()06 ; it will be desci-ibed in a subsequent chaj^ter. 

The ovarian ovum, in the Kangaroo, agrees in all essential 
])oints Avith that of placental Mammalia : the main niodilicaticai 
is the greater ])roportion of vitelline substance, and the smalUu* 
jiroportion of the surrounding fluid in the o\isa(‘. In a female 
Alaeropns Parrtjf the ovum from the largest ovisac ol‘ the h^ft 
ovarium measured jt-th i»f a line in diameter, the germinal vesicle 
-j Lyth of a line in diameter. We are at present ignorant of the 
changes that take place in the develoj)inent of the ovum between 
the peiiod of impregnation until about the tAventietli day of 
uterine gestation. At tliis time, in the great Kangaroo (A/e- 
cropus major), the utei’ine fadns, flg. 537, measures eight lines 
from the mouth to the root of the tail; tlie gape of tlie mouth is 
Avlde ; the toilgue Iarge>. and protruded, fig. 501) ; the nostrils are 
small round apertures ; the eyeball is not yet wholly defended 
by the j>al})ebral folds ; the visceral cleft reduced to the meatus 
auditoriiis externus is not jirovided Avith an aiiiicic; a posterior 
ijcrvical fissure Avas either unclose<l, or the delicate cicatrix had 
given Avay in the manipulation of the feetus. The fore- extre- 
mities are the largest and strongest ; they are each terminated 
by five well-marked digits; those of the hind legs arc not yet 
developed. I'he tail is two lines long, thick and strong at the 
commencement; impressions of the ribs are visible at the sides of 
the body : the membranous tube of the spinal marroAV may be 
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traced along the back between the ununIted elements of the 
vertebral arches ; posterior to the umbilical cord there is a small 
projecting penis, and behind that, on the same [)r()rnincnce, is the 
anus. This hjctus and its appendages were ejivcloped in a large 
chorion, il). puckered up into numerous folds, some of wliicdi 
were insinuated between folds of the vascular lining membrane 
of the uterus, but the greater portion was eolleetod into a 
wrinkled mass. The entire ovum was remov(‘<l without any 
opposition from a placental or villous adhesion to the uterus. 
The chorion, fig. 567, </, «, was extremely thin and laeerable, and 
showed no trace of villi on the outer surface. ^J'he membrane, 
ih. A., extending from the umbilicus to the inner surface of the 
chorion, was highly vascular. The fetus was immediately enve- 
loped in a transparent amnios. On turning the ehorion away from 
tlie fetus, it was found to adhere to the vascular mouihranc ; but 
they could be sejiarated from each other, w'itliout huaualion, tor 
the exteut of an inch ; at this distance from the umbilicus the 
adhesioji was closer: and here the umhilieal membrane termi- 
nated in a well-defined ridge, formed by the trunk of a blood- 
v(‘ssel. AVlien s|)read out, as at by fig. 5()9, its figure was that 
of a (‘one, of wliieh the a}>ex was the umbilical cord, and the 
base the ‘ vena tcrminalis.’ Thrc^e vessels diverged from the um- 
bilical cord and ramifi(Ml over it. Two were contiiniatiotis of 
tlie terminal or marginal vein : the third was the arterial trunk. 
The amnios, il). c, w^as roth^cted from the umbilical cord, and 
iormed, as usual, the immediate investment of the f etus. 

The umhilieal cord measured t\vo lines in lengtli and one in 
diameter: besides tlio throe v('ssels above-mcntiojied, it included 
a small loop of intestine ; and from the extremity of the lattcu- a 
filamentary process was continued to the vascular membrane. On 
tracing tluj contents of the cord into tlui abdomen, the two larger 
vessels, filled with coagulated blood, were found to unite; the 
eommon trunk then ])assed backward beiieath the dfKxlenum, and 
alter being joiiuxl by the mesenteric vein, went to the under 
surfice (^f the liver, where it ])enctratcd that viseus : this was eori- 
seqnently an oinphalo-mesenterie or vitelline vein. The artery 
was a branch of the mesenteric. The membrane, theref )ro, uj>on 
which they ramified answered to the vitelliclc, i. c. the vascular 
and mucous layers of the germinal membrane, which spreads 
over the yolk in oviparous animals, and whkh constitutes the 
so called Himbilical vesicle' of the embryo of placental Mam- 
malia. The filamentary pedicle which connected this membrane 
to the intestine was given off’ near the end of the ileum. 
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At a later period of uterine development, when the foetus, 
measured in a straijfht line from the mouth to the root of the 
tail, is ten lines in length, the urachus expands into a stnall 
allantois, fig. 5G9, d, of a flattened pyriform figure, and finely 


.■»09 



ri.oi’iiic’ mcmlu.n.cs -uxl ( iTIil- niiigninod twice the 

si/r.) 


:*vriiil<led external surface. This l)ag insinuiites itself between 
the amnios and cliorion, carrying alonj^ Avith it two small hyi) 0 - 
gastric arteries and a vein, hut not establishing by their means an 
organised and vascular surface of the chorion by wliich a ])lacental 
attachment is formed between the ovum and the womb. The 
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allantois depends freely from the end of the nmbilioal cord, and 
])as no connection at any part of its circumference with the 
adjoining ineinbran(\ Its office, as in the Ihifravhia/i^ ap|)arcnt1y 
limited to that of a receptacle of urine. The vitelliclo or ‘ urn- 
hilical vesicle/ ])rescntcd the same large proportionate size and 
vascular Kstructure as in the first dcsci ibiid FmtiKS. The cliorion 
which enveloped tliis fictns and Its appended sacs was adapted to 
the cavity of the uterus by being disposed in inniiinerablc folds 
and wrinkles. It did not adhere at any part of its surface to the 
uterus, but presented a modification not present in the chorion of 
ihe earlier fmtus, in being partially organised by the extension of 
ihe omphalo-mesentcrie vessels upon it from tlie adherent vitcl- 
lielc. The digits of the hind legs wore distinctly formed in this 
embryo, 

111 some smaller kinds of Kangaroo an ovnm from cacdi ovary 
may be impregnated, and two embryos be simultaneously devo- 
l(*|u*d.^ 

Konggor gives the following account of the generation of a 
species of Opossum {Didvlphis Aztn'it )\ — ‘ TIic fcctuses are deve- 
loped in the cornua uteri, and not in the lateral canals. Some 
days after impregnation tluiy have the form of small round gehi- 
liiious corpuscles, which do not appear, even when examined witli 
a lens, to have any coinniunioation with the mother, but a red 
line indicates the first coinineneement of development. Towards 
llie end ol' gestation, when the fetuses have attained the length 
of six lines, they are seen to be onvelojied in a niemliranc and 
])rovided Avitli an umbilical cord, which is united to the uterus’ 
(cliorion ?) ^ by the medium of many filaments, 'flie head, tlie 
lour extremities, and tail arc recognisable with the naked eye, 
l)ut those fmtiisos which are nearest the Fallojnan tubes are 
generally least advanced. In gestation they make tlie elreuit of 
(lie lateral canals, in which they are found to be deprived of their 
fetal envelopes, and to have no commnuleation with the parent 
by means of llic innbilieal cord; whilst one fetus Avas found in 
this situation, two others were still in the body of the uterus ’ 
(vaginal eul-de-sac ?), ^from nhich the umbilical cords Avere 
not yet detached. At this period a slight enlargement of the 

' Two liavo in)t bt'ioi tonnd in tlio sanii* ntt'nis, Mr. Collio, f>nriiv<)n, K.N.. ‘itates, 
I liavo just now })r<)«*ur(*tl gravid lof tho Macropns Brunii) in wbioh t wolVtnsos 
to I Iff aiTj’vod at, t)r Vi'ry nvar to, tlio torTuinniion of the period of gostalion. 
Oiir? of tliMTi, whidi was about one-half larger than tlio body of tlu> voinniou wasp, Iins 
i'»“lnide(l through an oju'iiing inadvorti nl ly niado in tlio uterus, and is dislinelly seen 
^iiroiigli its traiisparoMl nioinbranos and the licjuor aninii.’ - ‘ Zooloaioal Journal,’ vo). 
' • p. 24:1. 
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iileriiri uiul lateral canals was the only change perceptible in 
them.’ * 

As acconiplishetl Naturalists continued to believe and atfinn 
tluit th<? young of the Marsujmtlin quitted the womb and were 
recoivod Into the pouch ‘ in the coiulition of a gelatinous ovum 
coinj^arable to a Medusa,’ I deemed it reejuisite to anatomise 
the rare instance, of the uterine feetus of the Kangaroo, in ordt*r 
to demonstrate the conditions of the respiratory, circulating, 
digestive, and renal systems. ‘ From the cjccum, which 
given off from tlie returning portion of the umbilical loop of the 
intestine, the large intestine ])assed backwards to the spine, and 
was then bent, at a right angle, to go straight down to the anus. 
The stomacli did not present any appearance of llie sacculated 
vStriieture so remarkable in the adult, but had th(^ simple form ol‘ 
a earnivoroiis stomach. The liver eonsistofl of two large ecpial 
and syminctrically <lispf)sed hd)es. I'hc vena port:c was formed 
hy the union ol‘ tlie vitelline with the mesenteric veins. The 
diaphragm was perfeetly formed. The vena eava inferior wa,^ 
joined, above the diaphragm, by the left superior cava, just at its 
termination in a large right auricle. The ventricles of the heart 
woi'e com[)let(*ly joined together, and hore the same pro))ortions 
to each other as in the adult, — a perfection of structure wlilch is 
j)ot: ol)ser\ ed in the einbryos ot‘ ordinary MmnmalUi at a, <M»rre- 
sponding period of developuHmt. The pnlmonnry artery and 
aorta w(Me of nearly the same ])rop(>rti(»nat(' size as in the adult : 
the divisions of the ])ulmonary artery to the lungs were al lea^t 
flonhhi the size of tho^e observalile in the (*nil)ryo-sheep three 
inches in length: the diK'lus arteriosus, on the contrary, was 
n'lnarkal^ly small Tlie aorta, ]»rior to forming the descending 
trunk, dilated iiito a bulb, from which the carotid and stilxdavian 
arteries were given off. The lungs were of equal size with the. 
lieart, heing about a line* in hmgth, and nearly (lie same in 
breadth : they were of a sp<mgy texture and of a red colour, like 
the veins, from the quantity of blood they contained. Tlris pre- 
cocious (lev(doj)nient of the thoracic viscera is an evident [mnision 
for the eaidy or ])r<'matur(! exercise of the lungs a.s res])iratory 
organs in this animal : and on account of the simple condition of 
the alimentary (*;pial, the clufst at this period exceeds the al)doni(*n 
ill size. The kidney.s had the same form and situation as in the 
adult. The snjira-renal glands were half the size of the kidney^^- 
The testes were situated below the kidneys, and were one-hall 

’ From the ATf/Oysi-j of ‘ S;ingf?|.liiori; von .l*iiragUHy’ in the Bnllt'tsn 

N.U. tom. xxi. j*. Isa. 
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larger than those glands, the superiority of size depending on 
their large ejyididymis, with the adherent remains of the AVolffian 
body. They continue within the abdomen for six weeks after 
uterine birth.’* The nervous system alone is embryonie, fig. 585. 

§ 40 1 , DeveUrpnimt of JJsseneephala. — In Lf/mcepliala, of wlihdi 
the uteri undergo least change of dimensions during the cliarac- 
t eristic brief gestation, those tubes have the definitely organised 
and persistent lining membrane described, pp. 670, 685. 

In tlie yjlaccntal Mammals of wliich the uteri undergo wholly 
or locally great and rapid cluinges of size and capacity the lining 
of the incubatory ])art is less <lifl‘ereiitiated. Iti some it is but 
remotely allied to the class of membranes caUe<l ^ mucous’: canals 
so liued are habitually traversed by the matters tliey have to 
convey. The transuiitting function of the woml) is seldom exer- 
cised ill the course of life, with long intervals of rest: its lining 
has a higli(?r, organising, office : it dilTers from mueous mcm- 
hriine in the absence of ‘submucous areolar tissue’ (p. 4.39, 
fig. .361, c, ft), or any such medium of eoimection with, or rece|)- 
li<in of, vessels frbm the 
muscular coat : it is a 
pulpy sul)stance, in which 
eoriniscles or nuclei a- 
hundantly, and fibre-cells 
more sparingly, fonnify: 
it receives directly from 
the fleshy substance of the 
AV{»mb its vascular vsnp- 
ply ; and is perforated by 
the minute canals, spar- 
iugly exuding fluid, termed ‘ uterine or ntricular glands.’ A cili- 
ate epithelium may be distinguished on the free surface in most 
Mammals; uoii-ciliate cell-deposit occupies more or less of the 
‘ Litriculi.’ These, in fig, 570, are indicated by the pale tortuous 

* i-xxv'. p. 3.37 (18.31), Sill'll is the ililTiciilty of iiji m st oi* ‘ lollinj;’ stato- 

which bus jraiiieil cnrreni'y, that we reail: — ‘ Lcs pel its ue se lieveloppont 
pas conitiKMroi’i.li naive (Ians la ixiche nlih’ine, inais soiit pnanptomenl t xpulsos au 
'I'hoi's, lit iKiissenl daiiH vin cl at d'l in per feel ion telle rju«m ne pent h'S comparer quVi 
ties enihryoiiH a peino ebnuehes. l/c sont lies pelils corps m»;lati]uMix, informes et 
ine/vpahles de mouvement, (lent Ics divers or^anes no sont f»as eneore distinets, clilont 
1 existence sera, it iinpossilile si la nature u'avait assure leur e«')nser\atioii par des 
iMiivens parlieuliers,’ c’c’i.xv". lOveii M. Pouclu’t, nsuiilly so conscientiously acenrat.o, 
^vi'i(.t?s :• - ‘ Lc prodnit (lela ^cnei*ati*>n ipii, en arrivant la {thr ihtvrhy n'l st iprnn simple 
ovule (Mio.oro baii^no ^lo flniih'S alluimineux, so trmive pose snr les tet ines.’ (eexer". 
P- ‘202, 1811). My ol).sei’Yatioiis on the fCangaroo Yvere continned by those of JMcigs 

the Opossum (crrxxviii''. 1817). 
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lilies a h ; the dai^k fine lines represent injected capillaries, con- 
tinued directly from the fibrous walls of* the uterus, a c. Such 
pulpy vascular substance, compared by John Hunteu to 
‘ coagulablc lymph, is rajiidly formed, readily shed, speedily 
renewed: it grows wllh the needs of tlie growing embryo or 
foetus, as the medium for bringing into requisite relation with the 
circulating system of such the mother’s l)loo<l. 

In the uterus with a non-caducoiis and well-organised lining 
membrane the chorion or outer coat of the ovum continues 
smooth and unvascuhir, at least, until the feetus and appendages 
have advanced to tlie degree shown in fig. of)9. But in tlie 
deciduate type of lining substance there is a reciprocal preparation 

of the chorion for intimates 
connection thcrevvitli in tlie 
form of villi, or long fila- 
mentary ^■^scllIar proces- 
ses, extending from more 
or less of Its outcu* surface, 
fig. o71, cho. 

In the very small |»ro- 
jiortion of the phu*ental 
series in which the eai*ly 
])liases of d(ivelo[)ment la 
iilero have been traced, so 
much diversity has l)e(Mi 
recognised as to warn 
against too hasty generali- 
sations. 

In the Rabbit, liefore the ovum enters the uterus, it lias received 
from the oviduct additional layers, ib. A, n, which, either in com- 
bination with, or substitution for, the byaliiuon, become the 
medium of ajiplying the cnjiillaries of tlie fetus to those of the 
mother continued into the decidua. A\'lieu the fetal a|)pcn(Iagcs 
have attained, in this Rodent, the stage they exhibit in the Mai- 

supial, fig. 509 viz. the formation of the amniotic bag, fig. 57 1 , a, 

the iuelosure of the unconverted germ-mass, or yolk, by a vaficular 
vitellicic, /y, and the out-bud<ling of a small allantois, c— tlie em- 
bryo is by no means so far advanced. The ventral parieles of the 
tlioracic;-abdomimil cavity arc not formed, tlie bilocular heart is 

* In thf? indifatioii of the various dftinaliW^ y-arts of lliis dooiduous suhsiiun’o a vocn- 
l/ulary of lonos has hern cn-atf'd ; e. g. • iion-placciifal iiloriuo niucon.s nuniliranc,’ ‘ 
roj)Iac‘( ]j1al iniu ous inowil-ranc,’ ‘ jKTsjsten!,’ or ‘ noii-dt'ci<Jnoii.s sorotina,’ ' (h ritUioiis 
sorotina,’ * firnhrijo ofdo'Idtia sorotiua/ ‘ iiicml>runa docidua/ ‘ dfcidiia rcHoxa,’ ‘ ra{:.s 
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exterior to it; neither lungs nor (Haphragin have yet ap])eared; 
the [>arall{'l columns of the neural axis indicate the jiriinary 
l)nrm-vesiclcs, by receding from each other in the long cephalic 
exi)ansion ; a few pairs of protovertehne show their beginnings 
:it the sides of the myelon, and there is no trace whatever of 
limbs. The ovum has wholly sunk into a bed of the decidu- 
inisly-developcd lining substance of the womb. Before the Mar- 
supial stage of the f etus has been rt*ached, changes have taken 
j)laee in the environment of the cunbryo, and the growth of the 
al)dominal parictes having reduced the wide aperture, shown 
in fig. f)71, V, to a navel, the embryo with its amnios has 
Slink into tlic vitellicle, the trunks of the vitelline artery and 
» veins liecoming <*oncomitantly elongated. The allantois comes 
in (*onta(*i with that j)art ol* the chorion beyonj the ^ vena ter- 
ininulis,’ and; having 1‘iilfilled tln^ main purport of its elongation 
hy transporting thereto the allantoic or so-called ‘ umbilical ^ 
vessels,* it (jolhipsos, and leaves th(*ni to their work of organising 
the fmtal port ion of the placenta. The maternal portion is devel- 
()j)ed upon a whitish area of the inner surface of the uterine horn 
at the side where the mesometry, fig. 572, r/, <j, is attached. The 
gravid uterus of the llahbit, ten days after pregnancy, presents 
the appearance given in this figure : the fetus in its chorion chiefly 
julheres to the prefmiied maternal disc at the mesometral side, as 
shown at di it is not, however, lodged in a generally expanded 
segment of the uterine tube, hut in a special dilatation thereof, 
appended, as it were, to the free side of the tulie, the normal 
canal of which continues mainly to subserve the lodgment of the 
placenta. This, in tlic Ivabbit, is an oblong lolmlated disc ; ^ 1 
liavc found it consisting of five lobes nr cotyledons; in the Hare 
it is more comjaict and subcircular, and about two inches in 
diameter toivanl the close of gestation : the inner surface and 
margins are red, the rest yellowish with red spots, when nn- 
iujected: the outer surface is subconcavc and uneven, the inner 

‘ Tlii.s is an ambiguous torm, applied to dilft'rent si ruel urus Avliioli are connect od 
iho navel ; e. g. to the vitellicle, * umbilical sac;’ its vessels being distinguished 
bv tlio (Iroek term lor navel. 1 sltall here, as in Vul. IF. (p. 2()3), call the omphalo- 
tiKsf iitei’ic Vessels ‘ vltclliiie’ and the umbilical vessels ‘allantoic/ in relerenco to the 
Iv'o piimilive bags with wliich tliey are respectively crmmrted. 

* 'J'his is ehiiracteristic of most multiparous Lis<f)ic/'pkafa, o. g. Shrew’, fig. 389, u ; 
flat, XX. vol. V. p. 117, nos. 3106, 31G7 ; Guinea-pig, cccxti". tab. v. tig. 10, in which 
tlic normal canal of tlie uterus is ol»literatod by the aceumulatod deciduous substance: 

• ‘Spaiei’, W’onii die KliLchmi ii nd Kiinder des Schleimhuulsehwulstesi ben its mifein- 
amlcr verschmolzen, die Hbhle des rterus iiiit dei* sich diirch sic hindurchzieheiidou 
t'Pitheruilrbhro viTSc.hw’unden ist.’ ib. p. 30. 

' XX. vol. Y. p. 168, no. 3172. 
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surface convex and tuberenlar. The navel-string, one inch in 
length, expands, after reflection of the amnios, and is lost in the 

572 



GravliJ ulorns, a, inuliiijnruuj* ; I), uijlparous, Manmial ; c, ravlj titt-rlni? ovum, cccviil. 


allantois, which r(i«iches the eireiunference of the placenta: fohk 
of the allantois are reflected from the main trunks of the allatitoic 
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vessels, and partially divide its cavity. The chorion receives 
vessels from the vitellicle as well as from the allantois. Gestation 
in both Hare and Rabbit is 30 or 31 days: but the new-born 
Hare ivS more advanced, the eyes being open. The Ral)bit is 
born blind. 

In the Guinea pig (tVem Cobat/a, 1^)1110 uterine ovum, when 
the subdivisions due to cleavage-process have coalcsce<l into tlie 
germ-mass, has lost the hyalinion, and is surrounded by the cells, 
nuclei, molecules, so-called ^ epitliolium,’ &c., forinlfied from the 
fluid of the amor])lu)us lining matter of the womb, from which 
the impregnated germ-mass is scarcely, if at all, distingiiishahle 
(5tli or ()th day): fluid accumulates in the centre of the germ- 
mass, which now assumes the form of a cylinder with ohtnse ends, 
mid ma\" be said to be lodged in an ‘ utricular caual ’ of tiie 
de<*idua. When this substance has fille<l the part of the uterine 
horn containing the cylin<Iroid ovum, the end of tliis, next'the 
mesometral side, begins to receive vessels from the decidua, and 
to be attached to such comruoiujcmciit of the maternal placenta: 
the opposite or free end of the ovum is the scat of the initial ships 
in the formation of the embryo. 

Tlic (‘vlinder expands into a sphere (12tli day), the remaining 
germ-mass forming the wall of which lias become diflerentiateil 
into a serous or Guiimar layer towai’d the centre or cavity of 
the ovum, and into a peripheral, ^vegetal’ layer both expand- 
ing to form tlie tunic of the oviiui, everywhere in contact with 
the thick surrounding bed of de<’idua. The fiiudamental structures 
of the embryo rise fVum tlie ]>art of the serous layer next the free 
side of the uterine horn, and project into tlie cavity of the ovum, 
toward which the dorsum (*f the embryo is turned. A vascular 
layer is rlevcloped lietwocn the serous and tlie inner side of the 
vegetal layers, the normal relations of the |>rinutive germinal 
strata being thus reversed. Bloodvessels extend from tlie widely 
oi>en abdomen or ventral surface of the embryo upon the vascular 
Ia\^er of the ovum; and, as the growing abdoininal walls contract 
to an " umbilicus,’ the embryo sinks into, or enters, the cavity of 
the ovum, with which it is in communication by vitelline vessels, 
fig. o73, A, defining a vitellicle by the ‘ vena terminalis,’ ib. e, 
(14th day). Very early a knob of nucleate cells, whicb seem to 
form the caudal end of the embryo, are developed into an allantois, 
^vhich conveys allantoic vessels to the attached mesometral side 
of the ovum, to ramify in the maternal placenta, ib. /, there formed 

* The microscopic cliaractors of these two Uyi^Yn are given in figures 36 autl 37, 
tab. iii. cOi.xu", 
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out of the accumulated decidual substance (15th day): after 
fulfilling that office the allantois disappears, or is represented by 
the delicate sheath inclosing the trunks of the allantoic arteries 
and veins, ib. (L The amnios, a, in the meanwhile, has been 
com] deled : and the embryo, so inclosed, is suspended freely 
witliin the cavity of tlie vitelliclc, which, by disap])carance of the 
primitive vegetal layer, is now directly surrounded l)y a dep(»sit 
of decithni, fig. 573, /, becoming thinner as the fadiis and its 
vitelliciilar membrane oxj)ands ( 17th day). "I’lirongh this order of 
development it seems tluit the relative position of the embryo to its 
ajjpendages is the reverse of that in the llald)it, fig. 571. The 
inesomctral mass of d<H‘idua forms a W(dl-define<l thick circular 
placenta, ib. /‘, lobulated on the inner free surface by furrows 
affeeling a radiate but anastomosing disposition, to the centre of 



which pass the allantoic ves- 
sels. These, however, began 
on reaching tlie decidua, l(» 
organise a distinct placental 
mass, il). c, whieii might l)e 
termed the fmtal portion: it, 
however, re(*eives uiaternul 
vessels from the larger and first 
formed decidual placenta, ib. 
f. The projK>rtloris of these 
]daeentie become reversed as 
the fictus grows. The uterine 
veins, oefore quitting the pla- 
centa, form an annular sinus 
around the portion c, and then 


penetrate the (Iccidual parts, /', //, and the uterus. The allantoic 
vessels also ramify not only in c, but also in j\ between the lo- 
bul(\s of u'hieh tlie larger branches ]»ass to gain the peri))hory. 

As the fcetiis apj^roaches its term the decidual covering of the 
ovum disapjicars, or is reduced to mere shreds at the cinuuu- 
fereuce of the jilacental enlargement, /’, which is now much re- 


duced in size : it receives into a cavity a mammilloid process 


from the centre of the fVetal jdacenta, to which process converge 
tlie uterine vesseJs from without and the fa;tal vessels from 


within, before they ramify to the periphery. The vitellicle still 
represents tlic eliorion : its arteries form a periplicral eireulus 
arteriosus,’ parallel witli the vena terminalis or ‘eireulus vcnosiis,’ 
and in the iuters|)aee of these vascular circles, fiml>riute processes 


grow out richly supplied by vitelline vessels and constituting a 
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lhli*d kind of placenta more exclusively related to the nutrition of 
the fmtus. For this grows so quickly and becomes so large, ‘ that 
the allantoic placenta, serving both for respiration and nutrition, 
needs the help it obtains through absor{)tion, by the vitelline 
iVinges, of the uterine nutrient matter in which they arc bathed. 
The umbilical cord, as in most Rodents, is very short and thick. 

In the Aguti the <lecidual jdacenta is still more reduced, little 
more than the originally traversing maternal vessels remaining 
on their passage to the later allantoic placenta, which tluiv seem 
to suspend by a (!entral part, opposite to whicli, on the other side 
of the placenta, the hetal vessels ]»roceed. In the Rat the ma- 
ternal or decidual ]>lacenta is cotyloid, and is adapted to a small 
coJivex process of the centre of the uttnine sui’faec of the button- 
slniped lietal placenta;- and, as in the (Tuinoa-])ig, the allantois, 
after laying the foundation of the hitter, speedily disappears. 
Tlic like happens in the Water-vole, in which tlie fetal |)laeenta 
is small and circular, convex toward the uterus and Hat toward 
tlie vitelline chorijon, wliich has its attachment limited to the 
central part of the [dacental disc. 

In the AIolc and Slmiw the vitclliclc is large, and supplies the 
outer envelope of the ovum with vessels, coalesces u ith, and seems, 
indeed, to form it. The allantois, bending to the dorsal aspect of the 
embryo, carries its vesseds to that |)art of the amorplious mass of 
decidua enveloping the ovum. The early embryo in its amnios 
tlius appears to be suspeudcMl by o[)positc poles i’ormed respectively 
by the vitelline and allantoic trunks. The allantoic, vessels or- 
ganise the line villi of tlie fadal |)laccnta in a small pi’oportion of 
the thick dcpidumis^ inass : this in the growth of the embryo be- 
comes reduciMl to a subcircular maternal disc, larger tliaii the fmtal 
one, which is imbedded iu its coutrul concave surlace. The area 
on the |ieriplu*ral convex surlace ail'ording the maternal supplv of 
blood, is small in proportion to the placental disc. The terms Tmtar 
and ^ maternal ’ relate to the source of the main jiart of the vascular 
supjily of such divisions of the discoid jilacenta. The maternal 
vessels, the orifices of the veins being consjucuous on the area of 
])lacental detachment, are continued into the allantoic or firtal 
button, and the villi of this part extend into the decidual part of 
the maternal placenta, Rcyoud this the decidual substance 
becomes reduced to a veiy thin layer, traceable over part of the 
chorion. The convexity of the maternal placenta is continued 
with the lining of the uterus. Such lining is homologous iu tissue 

* Calling in thoGuinoa-pig for the special expansion of the pelvis shoTrn in Tol. II, 
p. 380, fig. 246. = XX. vol. v. p. 117, no. 3467. 
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with the substance lining the human uterus, but is firmer, and to 
no part can the term ‘ mucous membrane ’ be correctly applied. 
The placental disc in the Tenrec is subcircular, thickest at tiio 
peri|>hery ; in all other essential points it agrees with the rest ol* 
its order. The main |)eculiarity of CenMes is its multiparity.* 
From tour to six fmtuses may be brought forth by the Hedgehog: 
froju twelve to twenty by tlie Tenrec. The sluipc of the phicetMa 
changes in the course of iitero-gestation in Insectivora. AVhen 
the embryo Hedgehog is from half an inch to an inch in length, 
it is enclosed In a ciii)-sliaped placenta, as in a nest : this is sub- 
sequently spread out and flattened by the growth ol‘ the fmtus, 
and eonverted into a thin, shallow discoid plate, with its concavity 
applied to the back of the embryo, and with the (*entral part of 
its convex surface attached to the uterus : the ‘ button ’ lies Hat 
upon the maternal ]>ortlon,and is attached by a wider surface than 
in the (iiiinea-})ig. In tlic Mole the placenta is a circular disc at 
the early period of gestation, and subsequently becomes an oblong 
fiat band, with its long axis parallel to that of the fieius: tlic linear 
tract of the ntcrine surface to which the placenta is attached shows 
a fine areolar structure, penetrated by the fictal i)laceutary fila- 
ments, which are often brought away, as in the Hat, distinct from 
the maternal structure, like the fietal cotyledon in the Cow,** In 
tlie Bat( Vvi^pertdlo mctula')A\\Q. placenta lias the formofauobtu.se 
cone. In all the foregoing insectivorous mammals the vitellicle 
is large. But, In a frugivorons Bat (Pteropns vmlius^ Tk.mminck ), 
I found the vitclliole shrutdv to areniform, compactly folded bo<ly, 
wliieli lay in the eoncavitv of the f)lacenta, betwemi it and the 
allantois: tlie placenta was subcircular, discoid, si iglitly concave 
towards the ftetus, proportionally more convex towards the 
utei’iis. The fujtal villi arc long, delicate, and liranched, giving a 
flocculent appearance to the small portion of tlie centre of tlie 
disc by wliicb the fictal jilacenta is attaidied to the womb. 

Volant Insectivord^ in relation to the exigencies of flight, are 
commonly uniparous. The uterus of Viape.rtilio cmarpinatusy 

' TIh' irhicf of (.lie ‘ points »>f tlifforenoe’ of the Tcnroc’s p]rtt‘ontal striiotnn-s 

fH>rA tlioso of other in ‘the ali.senef* of fi yelk-sae, of tlio allantois as n 
(listiml sn<*, and of any meinlirano eirhor dwidual or chorionic, on the exO riorof tlio 
amnios’ ((•ciavii". p. 201), <h.‘pcnd (granting the oompcrcncy of flu? observer) on the 
adnriOed state of decomposition of the spocini«‘n described (p. 287): tho ‘absence of a 
yelk-sac,’ inor<;ovcr. M ould point fr<an, rath«*r than town i d, ‘ niarsupial affinit ies,’ in- 
asmuch a.s t li(' embryo of t he Kangaroo is chiefly remarkable for ilu? largo .size of such 
Bac. or ‘ vitellicle.’ 

^ This never hrippons in the (jii;ulruTnaiiou.s placenta ; and the difference is not 
affottod hy shoeing that, prior to Beverance, tlio fmtal placenta is cuinbiued witli 
maternal vessels in the Kiif, Mole, &c. 
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killed June 20, had a single fcefciis, haU‘ an inch in length. A 
female of Vespertilic noctula ])rodiiced, on the 23rd d ime, ii young 
one, with an umbilical <*,ord two inches in length.* Judging from 
observed dates of ])aiiing, tlie gestation seems to be about forty 
days. The chief dirterence from Insectivora is in the larger jn'opor- 
lion of the placenta fornuMl by the long arborescent villi organised 
by the allantoic vessels: the reduced dexadua beyond the ma- 
ternal cake may be traced over a great ])art of the chorion, which 
receives, as in other J^issencephalff, vitelline vesseds.'^ 

According to Canis,'^ the placenta of the Ai {Ihuidppus tridac- 
tjjlt(s) is divided into vSo many distinct lobes, as to resemble the 
cotyledonary condition of the placenta in njost Knminants : hut 
there are no coiTCsjxjnding partial thickcinings of the lining sub- 
stance of the uterus like the maternal cotyledons shown in fig. 54f). 
The so-called ])lac(mtnhe, of an irregular oblong, subd(*|>ress(‘d 
form, from 1^ to less tlian i an inch in diameter, and from 30 U) 
40 in number, project from the endoehorioii, or inner sm'facc 
o'‘ tlic allantois, jnto tlic interior of that sac: tl)ey are richly 
supplied witli allautoie. vessels: their ilatteued outer surface ap- 
plied, with the uniting layer of chorion, to the inner surface of 
the uterus, may rcMaavo Iherefrom a medium of ramification 
of maternal vessels, answering to a decidua scrotina. The pro- 
bability indeed is, that maternal dcculuons substance is inter- 
blended witli sucli allantoic lobules ol‘ the Slotli, as is the case 
with the single thin oblong placental disc in ])(tinfpitii, 41ie 
genus ManU olfers a third instance of the extent to wliich tlie 
temporary structures developed for the behoof of the rmtus, and 

* '’rill* iiifjtluT tiiiHwed tlu' across ami aU* l.lm afirri.'irlli. 

- A crifii* of XX. vol. v. |ip. 1 la -la, wriu-s; — * 'fh** di'!i,*af(f arlfixvscciii appoarauco 
which is ilcsorilicd in the placr-nfa of* /Vca*/*''.'; is duo, in all likoliliood, to the prolonircd 
luaccratioii in .spirit,’ A't*. oj i.xvu". p. olU. The Ifuiitcrian pro[)ar:it.ion viL'Idin^, ac- 
oordiuj^ to tlu; Oxl’or<l .^ro^l‘^sor, the ali^nc dosiM‘i]dion (^Xo. lloTU, Physiol. Soru's) is 
wtdl jdaoed tor illustration of this allcp'd inllmMici; in tho production of imHllfioations 
of phuMMital structure. Soiue of I he speciim ns lia<l I'Oi'n put into spirit in ITiH, thirty 
years heforo the plaeimta. of tlie l*/rro/tns \vas.‘=;o treated ; and both, tf»j>«Mlier willi otlur 
iluntcTiaii preparal itais of plaeeiitn*, have l>ocn sinee suhject to eijj:hty years of ‘ luaeera- 
tion ill s[urit!’ Ihit llieiv was n-ally no need to assume m special a behaviour t)f 
a Pat’s aftoidiirtli undiT Tuaceratioii, iu order to .4i<iw that ‘ this placental peculiavlty 
brinj^s them, as hhimeiis did briuur them, into the samo class astlie (rei.xvu". 

p. 3 10). No one, now, dreams of leaving Pats amonp: birds. Perhaps, however, Ih*. 
iiollo.ston may mean the same order in tiie mammalian class. Ihit ccrehral, cinaihit- 
in{^, os.seous and ctenerative chai’ach?rs, o.<pocially tho.^e of tho male onrans, were oven 
the placental stnuituros so similar to human ones a.s Dr. P. contends, would oulwt'ij^li 
th(;ni, and I ladievo will guide all unprejndioed naturalists in juxtaposing the winged 
^vith the, terrestrial him ih'om^ and in relej^alinjr Ijoth to the low lis.scneephalous 
£>ubela.ss. 

® xuii. p. 21, tab. ix. figs. 15-17. 
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cast off at its birth, arc diversified in both form and structnro 
Avithin the limits of a subordinate natural group of phieental 
Mammals. According to Sharpey,^ tlic outer surface of the 
chorion is rcticularly ridged, like the Inner surface of the human 
gall-bladder, but in a finer degree. Tlie inner surface of the 
uterus exhibits fine low ridges or villi, not reticulating fjuite so 
much (cpi. with more open meshes?). The eh(»riou, also, presents 
a band, free from villi, running lougitiulinally along its concavity, 
and there is a corres[)on(ling bald space on the surface of the 
uterus. The ridges of the chorion start Irom the margins of the 
bald stripe, and run round tlie ovum. The vitellicle is fusiform. 

The species of tlie older lintfa are iiniparons as a rule : the 
fictus attains a relatively large size, and the pelvis has a corre- 
sponding width. 

§ 402. Dccdopnicnt of AlniHota. — The Cetacea are iiniparons, 
and still more remarkable tor the large proportional size of the 
young, at birth : its membranes extend Irom the division of the 
uterus corresponding to the imjiregnated ovarivjin into that of the 
opposite side. A general short verrucose villosity of the chorion 
intus-suscopt(*d by corresponding alveolar modificalions tlirough 
decidual outgrowths of the lining snbstam^o of the uterus performs 
the ])lacental function : the structure is least dcM eloped at the 
terminal hlind ends of the chorionic sac, which are almost smooth, 
and, in the degree in which the diilused placenta is thus inter- 
rupted at the poles, it may be said to be broadly zonular. ■ The 
aniniotic sheath f>f the umbiliixil cord is beset with small pedun- 
culate corpusi‘les.‘^ In ilcusing a female hale {Jjah^na mysti-- 
cetiis), harpooned in tlie. month <»f August, a fictiis escaped from 
the vulva: it imaisurcd •> feet 4 inches in length ; and was pro- 
bably fill' from the full tiino. No bony ])elvic cim^turc offers a 
mechanical ()l)stacle to the birth; and the exiijenries of a liot- 
blooded air-breathing animal sent from the warm womb into it 
may be an arctic sea, call lor muscular powers equal to the evo- 
lutions needed I'or maintaining contact with the nipple, and coming 
to the surface to breathe. 

Of the fetal inembraTies of the Sirenia nothing is known. 

§403. Di'Vilopinnit of Untjiilata, — Here no envelope of the 
ovum is superadded to the Iiyaliiiioii (‘zona pellucida’). With 
this for the outer covering the ovum outers the uterus; it is im- 
pregnated in the ovidiKit, where it inccts tlie spermatozoa; the first 
stages of cleavage go on there, and the germ-mass is comjdeted in 
the uterus. In tliis process the liyalinion thins aw'ay, and finally 
* As quoted in cCtxx". p. 112. * xx. vol. t. p. 200. 
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(lisapprears. A mass of albuminoid matter aecumulates -around the 
ovum, as in Cavla^ but is Avbiter in colour. It affords material 
for imbibition, and the germ-mass becoming fluid at, or getting 
fluid in, the centre, expands into a hollow sphere, the parietes of 
which become differentiated into two layers : the outer one seems 
to answer to the corresponding lamina demonstrated by Iliinler 
in the germinal area of the cluck; the other to the inner lamina 
of the same area.* Both layers consist of coherent cells, with some 
difference as to size and j)ro])ortion of oil -globules. 

The ovum nowgrow'^s rapidly in length, its opposite poles being 
prolonged and attenuated. At the j)oInt where the two layers or 
‘ membranes ’ cohere, the embryonal trace appears, its long axis 
extending at right angles to that of the ovum ; the inner or 
‘ imi(*ous ’ layer is so continued from the margin of the abdominal 
dc]>ression as to ‘ap])ear of itself to form the intestine, existing 
prior to that part being visible.’ - The cephalic exj)ansi()n and 
incurvation seems relatively late in Ungulates, Before the amnios 
is (!omi)lete, and wlien the back of the embryo is still covered by 
tlic peripheral ])aiT of tlie serous layer, wlien but three pairs of 
[)roto- vertebral nuclei are formed, ami tlie cephalic ends of tin?, 
myelonal cords arc only beginning to diverge, the opposite end of 
the embryo begins to bud out two processes at right aiigles to its 
axis, wbicli soon expand into the allantois.*^ This vesiede rapidly 
extends between the serous or animal layer forming the outer 
(‘oat of the ovum, on the one hand, and the oml^rvo, amnion and 
viiellicle, on the other hand ; carrying with It allantoic vessels, 
find heconiing coextensive wdlh the outer coat. With this ex- 
[jansion that outer coat disappears, and the chorion is no\v repre- 
sented hy the vascular layer of the allantois itsolt, which has 
become distinct from itvS inner or mucous layer. Meanwhile the 
vitellicle has slirunk to slender proportions, its commnnieation 
with the intestine being reduced hy growth of the abdominal 
w^alls, and drawm out into an omphalo-inescntcric duct. The 
vascular layer of the allantois, rcjirosenting the chorion, effects 
its vascular intiis-siisccptive relations w^ith the uterine lining in 
various Avays. In most Berisso- and a few Artio- dactylcs short 
villous processes bud out from a greater jiart of the superficies of 
the chorion, and a co-oxtensivc minutely alveolar grow th of thf) 
lining substance of the uterus receives them. 

Fig. 574 represents the fo'tal membranes and appendages 

XX. vol. V. \\ 20, pi. 50, 11;^. 7. Tutor (Jornian Iv.nTryoloirisfs Ijmw orjllod tho (>?i« 
‘ serous’ or ‘ aiiinuil ’ luyer, fljo other ‘ inueous,* ‘ vefr,*i{il ’ (»r • layer ; loit any 

those tonus eau only l»e unvlei’sr«>o<l in uii uroitrary sense. See Vol. 11. p. 2.)0, tig. 1 'M\, 
^ 11>. p. 20. * ccrxiii". p. IS (ill the Ivoo-luiekl. 
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attached ft) part of the abdominal parietes, A, with the urinary 
bhiddei\ y, the ieinale organs, r, and rectum, 77, o, of an aborted 
foal. The membrane, is the amnios whicli was reflected from 
tlie umbilical cord to inclose the fletiis; the inner concave snrfae<j 
ot* the bag, turned toward the parts of the f etus, is characterised 
by the finely waved dis[)()siti()ii of tlic ainniotic vessels. Minute 


574 



F< r;il mciribrar.r J, fXMi" 

fdiform processes project fnaii llic serous surface of this pari ol 
the cord. The urachus, accompanying the umbilical vessels 
(one ai*tery, two veins, //), opens, or expands, into tlic cavity oi 
tlie mucous layer of the allantois ate: this cavity is laid open, 
showing the jairt of its wall reflected upon the exterior of the 
amnios, at d d, and the ])art C(mtinue<l over tlic interior of the 
vascular layer of tlie allantois, or chorion, at r/r/: a portion of its 
exterior surface is s!u)\vu at /o The umbilical vessels, continued 
licyond the end of tlie urachus t() the chorion, seem to forui a 
prolongation of the iiavel-striiig, about two feet in length, ,/? 
between tlie amnios and the ehorion, around which part of the 
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cord tlie inner layer of the allantois is reflected. The vessels of 
the outer layer branch and spread themselves over it, becoming 
capillaries in the clusters of short villosities, and thereby brought 
into the requisite contact AvitU the maternal capillaries in the 
similarly arranged do(adual growths, for the intei’changc and 
n‘(!option of the materials and elements concerned in fodal rmtri- 
lion. The jmucons layer of the allantois lines about half of the 
arnnio-chorionic interspace. Towards the latter period of gesta- 
tion, the renal excretion of the foetus passing from the bladder 
along tbe nraclius, deposits near the allantoic orifice of that tube 
a tlvick fluid of a reddish colour, of an urinous odour, and which 
contains iiroerithrin and hippiiric acid. The small oval masses, 
from the size of a pea to that of a hen's egg, /, sometimes loose 
in the allantoic cavity, sometimes adhering to its inner surface, 
are inspissated parts of the allantoic fluid; they liave received 
a s[)ecial attention from tlie fanciful import onefi assigned to 
tlnnn under the name ‘ hippomanes.’ * The chorion, being 
moulded in great degree upon the uterine cavity, is j)roduco(l 
into two ‘ cornua, ' but they are not co-extensive with those of 
the uterus. The multiplication of the vascular surface of the 
cliorionic cornua by fitie aud deep plicje indicates the degree of 
the placentary function assigned to these prolongations. In fig, 
o75 the IVctns, ??/, at; aljoiit the tenth month, is shown, cnvelo[)ed 
in the amnios, n u: the entamniotic part of the navel-string, e, />, 
is continued to tj, r, Avliere the eiitallantoic part begins, and the 
allantois is reflected from its urachal j)edicle. The eiuhxdiorionic 
p:ii t<if ihe allantivis is seen at .s*, s; a portion of the exterior of the 
clnn*in!i at /: // is ])art of* the left uterine horn ; ^ is the ovary. 

The gestation of the iMare is eleven months and a few days: 
she brings forth standing, and is fertile to the fifteenth y<>ar, 
rarely to the eighteenth, Idie horse is mature at the fourth year, 
and its average or usual term r-f life is thirty years, Avilh fair 
usage. The Ass brings forth during the eleventh month of preg- 
nancy. The milk a|)|)ears at the tenth month : in very mre 
cases the ass may Iuiac twins. The Mare emits a Avhitisli ad- 
hesive secretion, ‘ per vulvam,' during the period of heat. The 
temporary maternal modification of the uterine lining does not 
come away Avith the fVetal membranes at birth, hut is either ah- 
sorlxid or passed off with the lochia. The usual smooth surfai'o 
of the folds of the uterine lining is restored about six months af*tcr 
parturition. 

' Tho tnio nature and pMsilion of tboso bodies wore made kiuAvn by Danbrnton, in 
eexe:". 
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TIic outer siirfhcc of the eliorlon of the Tapir is beset with 
short linear series of‘ small compressed foliate processes, dividing 
into from three to six leaflets, upon or within which the foetal 
capillaries ramify: the inner surface, Avhen the allantoic non- 
vascular layer or eiulochorion is removed, is reticulate through 
the division of the allantoic vessels, sending oflE’ the capillaries 
to the foliate villi. 

The clustered arrangements of the placental capillaries Is more 
marked in the Sow than in the .Mare : when iininjected they 
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appear as white siibeircular spots se.atteretl over the outer surface 
of the ehorii)]! : but whem the allantoic v(mus arc filled, tbese arc 
seen to form plcxides iu the centre of each spot. The uterine 
veins have a iM)rn'sj)onding arrangement. The ntcrine arterial 
capillaries form a fine network, the ineslies receiving the villo- 
sities which carry the fletal arterial capillaries; whence it might 
seem that the nutrition of tlie fadus was effected ])rinclpally at 
the points of contaot of the (Vetal with the maternal venules, 
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whilst the respiratory process took place at the surface of contact 
between the foetal and maternal arterial capillaries. The period 
of gestation of the domestic Sow is about four months; the ob- 
served range ^f variation has been from 109 days to 123 days. 
The gestation of the Hippopotamus is 234 days. The pair at the 
Zoological Gardens at Amsterdam copulated December 1, and 
the young one was brought forth on July 29, next following. 

Canu^ines and Chevrotains ( Tracjidua^ have the diffused con- 
dition of' the ])lacenta as in the Mare and Sow, Avith some 
minor modifications of villi and capillaries : the vitcllicle, as in 
other Kuminaiits, is relatively smaller than in Solij)ods. The 
urachus dilates, beyond the amnios, into a narrow cylindrical 
sac transversely extended, or dividing into tAvo slender cornua, 
entering those of the uterus ; it consists of the mucous hiycir 
of the allantois, is usually found collapsed, and can hardly l)e 
inflated at the last month of pregnancy in the Coav. Laminated 
(le[>osit3 from the allantoic fluid are occasionally present, like 
those called ^ liippomanes ’ in the Mare. A much smaller j)ro- 
])ortioTi of the sj)ace between amnios and chorion is thus occu- 
pied in the Ruminants than in the Eqnidm^ and ])robal)ly other 
rorissodaotyles. 

The villi of the chorion are developed in hoi*hcd Ruminants 
on detached and limited localities, corresponding Avith the pro- 
minences of the lining substance of the uterus, fig. 54(), from 
Avhich the deciduous maternal |)arts of the {)lacenta groAv, The 
surface of these caruncles, previously smooth, now buds out into 
reticulate processes, moulding themselves upon the ehorionic villi, 
and forming cavities or canals for their intcr-suseeption. These 
outgrowths arc homologous Avith the ‘ de(‘iilua scrotina’ of other 
MainmalsJ but they gain a firmer texture, and usually remain 
attached to the uterus, alloAAung the fcctal villi to Ix^ AvithdraAvn 
from them at birth : they are afterwards shed, or disaj)pcar, the 
carunelc resuming its smooth and even surface.^ When the entire 
caruncle ha}>pens to come aAvay, it is not reproduced ; a smooth 
cicatrix remains upon the uterine surface. 

, Wherever there is placenta there is decidua. The special and 
temporary work of developments providing capillary superficies, 
whether on the part of the mother or fetus, being ended, they 

' Thft stiulont must not bo seduoecl into accepting too absolutely Ksohricht’s ilicfuin ; 
‘ -‘quarum alteri placenta uterina cailuca, alteri non cadiu'a ost.’ 

" In xcvi', the caruncles arc called ‘ glandular protuboninecs ’ (p 514); but it, is 
pXiciscly on that part of the uterine lining where the. utricular glands are want- 
and tlio eminences and follicular depressions uro. peculiar to the period of 
g<‘station. 

VOL. in. 
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go : they may not be thmwn off together, and the 
decidua may not l)c shed all at once, but In successive shre|a hr 
tags. The long gestation required to bring to due strength the 
young of the defenceless hoofed animals before biith, is the conr 
dirion of the firmer texture, better organization, greater extent, 
and more persistent character of their ‘ deciduous ’ structures. 

The villi of the fmtal cotyledons offer vanities of iWni and 

mode of terminati^l^lbeauti- 
fully illustrated by Clift in 
xxviii. vol. iii., tab. CLXXl., 
and indicated by Home,^ as 
follows: — 

‘ /W -term ‘males rainoste : 

(>rruif ,, iiiilivisrt? Hll formes : 

(h'U ,, ,, villowe: 

(■apra „ „ pilosu.^ :* 

terms which, though not 
strictly a(*(!nnite, indicate the 
degree and way in whicli 
gciieric variety manifests it- 
self in the (jotyledonal modi- 
fication of placental struc- 
ture. 

r**nloii 4»f cJi-Hioii WKh culj lrdoii'! iv", • 

About eig 

are develo|)ed from tlic rdiorion of the Cow ; tlie surface of the 
large uterine carun(des is usually fiat or slightly coucave. Tlic 
gestation, of the C‘i>w is about nine months (28() days), with a 
range of variety of about t wenty days. 

Jii the Riid’ikvv (Cervf/s f’lftp/tff.s) gestation is eight months and 
a few days: tin* rut is usually in the last three weeks of Sep- 
tember; the birtli in May or early in June. The fetus is lojig 
eonfiried to one uterine horn; the nniboiw layer of the allantois 
forms a creseentic hag, tlic horns Ixdrig prolonged into both tliose 
of the ntevns and ending obtusely: it contains a milky fluid, 
dci)OsitlMg a sediment. The cotyledons are relatively smaller, 
more oblong, and much fewer tlian in the Cow. The same - 

be said of the Fallow-deer, the gestation of wliich^'is eight"*^ 
months. Both species of Cermis arc iiniparous, as a rule. TiiC: 
little Roe-deer usually brings forth twins : sometimes botli come 
from one ovary, more often one from each. The gestation here 
is about nine months (280 days). The rut is in July and .begih^ ^ 
ning of August: impregnation and the cleavage-pr()cess 


hty cotyledons 
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ttsual, and the ovum, with completed gcnn-inuss, has been 
tbiiTid in litpro August 16;* here it lies with uncoated hyalinlon 
until the latter half or end of December: the germ-masjt remain- 
mg four months in a ijuasi-torpid state. Development is then' 
resumed, and the young are brought forth at the end of April or 
beginning of Maj. The contiguous ends of the two elongated 
ova ovei^lap each other, and as gestation advances the contiguous 
j)arts <if '%e exochorinn "l)lend together ; but each fa*tus j’etains 
its own unvascular allantoic bag and amnios. ^ 

III the Giraffe there are two kinds of fcetal cotyledons: the 
larger or normal ones are in longitudinal rows corresponding witli 
the disposition of the uterine caruncles : tliey have mostly a 
rcuiforin figure, attached to tJie chorion by a contractiMl base : 
the terminal l)ranelies of the component villi arc finer than those 
ill the Cow, and more resemble those. in the Deer. The smaller 
colyledtms, of irregular form and varying size, )>i-()ject from tlic 
outer surface of tlie chorion in the interspaces of the rows of the 
larger ones: theirs villi are proportionally shorter, and in tlie 
smallest ones sirnjde and unbranched, indicating a transitional 
sle[) to the diffused villosity in the small Musk-deer. I (anintcd 
180 cotyledons, large and small, on the chorion of the tJiraffc : 
the umbilical cord is above a yard in length. 

A male and female Girafie paired, April I, 1838, and again on 
the following day, after whieli the female lost the disposition to 
receive the male; on dune 10, 1839, the udder began to enlarge, 
and on June 19 the young (a male) was born, 444 days after the 
second coitus. The same Giraffes paired on March 12, 1840, and 
after a gestation of 431 days a young male was born. In each 
case the female stood during jmrtiiritioii ; the fore-legs of the fmlus 
first appeared, tlie liead and body followed, the mother stooped 
btdiind to deposit burthen safely. In luilf an hour tlu^ 
young one made efforts to rise, and in an hour after birth it stood 
upright. It was born with horns in structure and relative size 
like those of the dam," and is tlie only horned ruminant that 
ftequires these weapons before birtli. Concomitantly with the 
long period of gestation is the unusually larger size of the new- 
^ horn young, which measured from the muzzle to the root of the 
tail six feet ten inches ; from the base of the scapula to the end 
of the fore-hoof five feet. The ciieniics to which .such a young 
inight fall a prey in its native African wilds indicate tlie 
con<i|ttpfis of the unusual strength acquired during the long 
gestatfcn. 

' ccLxm'^ p. 10, tab. i., fig. 8. ^ ccxxvi''. pi. 1. 

3ii2 
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The varieties of placental structures and modifications in the 
Ungulate group are not yet exhausted. The chorion of the 
Elephant, fig. 577, a, rf, at about the middle of the i)eriod of 
gestation, forms a transversely oblong sac, 2 feet 6 inches in long 
diameter, and 1 foot 4 inches in short diameter, encompassed at 
its middle part by an annular placenta, ib. />, ft, 2 feet 6 inches 
in circumference, varying from 3 to 5 inches in breadth, and from 
1 to 2 inches in thickness : it is partially div ided by opposite 
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constrictions into two moieties ; it presimts the same spongy tex- 
ture as docs the annular placenta of the Carnivora \ but the 
laminate villosities enclosing the foetal filaments enter into its 
formation in a larger prt>|»ortion, and are of a relatively coarst'r 
chara<*ter. The greater part orthc outer convex surface of the 
jdacenta is smooth ; the rough j)art sej)arated from the serotino 
j)Oi’tion oc(ai|>ied a narrow tract, c, c. A thin brown deciduous 
layer is continued from the borders of the placenta, for a distance 
varying from 1 to 3 inehes, upoi» the outer surfaee of the chorion. 
Flattened folds of a similar substance could be raised from some 
jairts of the surface of the jdacenta; at other parts the substance 
formed irregular fibrous bands, the fil)res extending in the direction 
of the circumference of the placental ring. The outer surface of 
the chorion is for the most part smooth ; but at each of the obtuse 
extremities of the sac there was a villous and vascular subcircular 
])atch, rf, r/, the villi being short and graniform, ^th of a line in 
diameter, or less. Thus tlie chief j)oints of attachment of the 
chorion to the uterus arc, at the equator, by the annular placenta. 
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and at each pole of the elongated sac, by the subcircular villous 
patch. The umbilical cord,^i formed by one venous and two 
arterial trunks, and by the slender neck of the allantois, jy, with 
the connecting cellular tissue and the covering of amnios, is short 
and somewhat flattened. It measured about 6 inches in length, 
before the division of the vascular trunk, and about 3 inches in 
circumference. The inner surface of the amnios is roughened by 
brownish hemispherical granules, from 1 line to. j\)th of a line 
in size, commonly about half a line ; the outer surface is finely 
wrinkled, but smooth. The hag formed by the mucous or iin- 
vascular layer of the allantois is of considerable size, is continued 
from the base of the umbilical cord, so expanding between the 
chorion and amnios as to prevent any]>art of the amnios attaining 
the inner surface of the placenta. The allantois divides, where 
the amnios begins to be reflected upon it, into three sacculi: one 
extends over the inner surface of the annular placenta, and a 
little way into one end of the chorion: a second extends into the 
o])positc end of the^ chorion, ax it there bends round toward the 
placenta, and its aj)ex adliercs at that part to the first division of 
the allantois: the third prolongation subdivides into twH) smaller 
cavities, each terminating in a cul-dc-sac, encompassing, and 
closely attached to, the primary divisions of the umbilical vessels. 
The line of adhesion of the amnios to the allantois, wdiere it is 
reflected upon these cul-de-sacs, measures 3 feet 6 inches. 

The primary branches of the umbilical arteries and vein diverge 
from the umbiii(!al cord in four divisions: they reach, first, the 
borders of the placenta, and then ramify in its substance and upon 
the inner surface of the chorion, being supported there, and more 
or less surrounded, by the layer of the allantois called ‘ endo- 
choiioii.’ Upon the endochorionie vessels are developed a number 
of flattened, oval, or subcircular bodies, c, c, of a compact, struc- 
tureless tissue, varying in diameter from an iiudi or more to half a 
line. On separating the chorion from the allantois, these bodies 
w^ere found to belong entirely to the latter membrane : the vessels 
upon which they seem to be dcvelo{>ed pass on their chorionic 
ride, the bodies adlieriiig to the allantoic side of the sheath of the 
vessel : they arc most abundant near the placenta, and become 
wider apart as tlicy apj)roach the poles of the chorion : 1 counted 
120 : the smaller ones occur on the free duplicatures of the 
allantois eontinued from the umbilical trunks: in almost every 
case they arc developed on the course of the large vessels, and 
are restricted, with few* exceptions, to that part of the allantois 
which is in contact with the chorion. Their free surface is 
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smooth and polished, not villous like the cotyledons of the RurnV^ 
7uintia\ from which they likewise differ in projecting inward 
toward ihe cavity of the allantois, like the so-called cotyledons 
of the sloth : they are not mere precipitates of inspissated matters 
of the allantoic fluid, like the ‘ hippoinanes’ of the Mare. 

A male and female Indian Elephant paired December 18, 1863, 
and at other times up to tFanuary 8, 1864, when they were kept 
apart. For tn elve months there was no conspicuous increase of 
the abdomen ; after that period it was obvious to close inspection, 
on the left side: then the mammary glands enlarged, with slight { 
occasional oozing of milk ; and on August 3, 1865, the yimng 
was horn ; it stood 2 feet 10 inches high, and weighed 175 lbs. 
Xhus the period of gestation, reckoned from the date of first 
coitus, is 593 days. 

The Ilyrax has an annular [dacenta more subdivided than in 
the Elepliant. Tlie venous blood returns from it at three places, 
the centres of as niimy divisions of the belt, which, however, are 
continuous by thinner j)ortions of jdacental svib.stanee. The villi 
are imbedded in decidual sub.slance, and the silrlace of its attach- 
ment to that remaining on tlie uterus is less limited than in the 
Elephant. The placental zone seems relatively tighter, the ends 
of the chorion swelling out more, than in Carnirora. The |>erisso- 
daetyle number of ribs — twenty-two pairs, the simple stomach 
and eoinplex ca*cal structures, the hoofs of the imsyminetrically 
tetradactyle fore-foot and tridactyle hind-foot, as in a larger 
extin<?t hornless rhinoceros, the cl<i.se repetition of dental cha- 
racters in the fliminutive existing species, not merely as to pattern 
of grinding surface of molars, but of kinds and manner of growth 
of all the teeth, the incisors being developed as in lihhioveros uh 
dsivuii.^ demonstrat(j the low taxonomic value of the placental 
character, according to which the Ilyrax, as well as the Eleidiant, 
would be classed with the Carnivora, 

§ 404. Dvrflopwxnt of Carnivora,- An the fo'tal Cat, al)ont 
the middle of the period of gestation, the chorion, fig. 578, a. 
h a curved arc 6 inches in long diaiii,, by 2 inches in short 
diam., with obtuse cuds; it is girt in the middle by an an- 
nular j)laccnta, i, l i incli broad : the zone is concave transversely 
within, of a mingleil grey and red colour when uninjected: the 
chorion on (;ach side of the placenta is sliglitly folded, and of a 
reddish colour. 'Flic fetal surface of the placenta is lobulated : 

* Ho hfivo counlcMl mucli u|n>n tho iguoraiu’o of his .'iu<litops rt'adcra who 
oouhl jifiirin tha^. r.iio ‘ ilvuA.x hau^s hy mainly by the. pattern of its molar 

teeth.’ auAx". p 111. * 
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the maternal placenta or serotine decidua is present, and can 
be separated as a distinct layer.* The mucous layer of the 
allantois expands from tlic uterine extremity of the umbilical 
cord upon the vascular layer (chorion or exocliorion), forming 
broad duplicatures about tlie allantoic vessels outside; the trunks 
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of these arc in the free margins of the folds, and at the opposite 
margins the fohls of the iiou-vascular layer of allantois recede and 
spread over th(‘, vascular layer or chorion, to which they cohere. 
1'ho vitoHicle, d, extends into the pointed horns, /, f, between 
amnion and placenta, at right anghss to the latter: it is attacbed 
hy a slender pedicle, //, to a loop of small intestine : it usually 
eontaius a yellowish licpiid, with some small loose fimbriate ]>re- 
cipitates. In the amniotic liquid crumbs of meconium occur to- 
ward the end of gestation. The iiavcl-st ring is very short. The 
Cat is ill heat, for about ten days, before she is a year old : and 
is prolific to the ninth year: bringing forth at least twice a year 
iu the wild .state, and three or four times in domosticity. The 
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gestation is fifty-five or fifty-six days ; and she brings ‘forth 
usually from four to six young. 

In tlie Lioness the exterior of the placenta is marked by 
aiifractiiosities like those of the brain ; the inner surface is divided 
into small irregular convex lobes by deep sulci. In the zonular 
placenta of the Dog the maternal portion cannot be defined and 
se[)arated as in the Cat: the uterine surface to which the placenta 
adheres presents a finely reticulate substance, the meshes being 
formed by orifices of aj)pareTitly utricular glands, aggregated in 
the interspaces of larger alveoli, scattered over the surface with 
intervals of between half a line and two lines. When the fadus 
1ms attained a length of five or six im^hcB, this alveolar decidua 
ln» acejuired a thickness which makes it recognisable as the 
inatei nal portion of the placenta. The 2)criod of gestation of 
the AVoIf, Jackal, and Dog is 63 davs. 

A modification of the annular placenta, analogous to tliat in 
the Elejdiant, obtains in some Carnivores, e. g. the Weasel tribe 
(fig. 579, Pfttorius Furo')* two |)ortIons of a ^subcircular form, 
A, n, appear as a double jdacenta, but they are united l)y a 
much thinner tract, c, also receiving ramifications of the allantoic 
vessels. The mnbiHeal cord, one-third of an inch in length, goes 
to one of the cotyledons, whence the vessels extend to the other. 


The omphalo-inesenterie 
duct expands into a py- 
riform vitellicle, five lines 
in length. The Ferret 
produces from five to 
eight young ; she has 
usually eight teats ; has 
a six-weeks’ gestation, 
and produces twice a 
year. In the ]\[artens 
the placenta is uiKlivi- 
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ded {Musf:ela rnartes^ M. foma, &c.); the decidua serotiua 


sinks into its substance along a narrow tract at the middle of the 


outer surface of tlie zone, as in the Elephant: they bring forth, 
commonly, twice a year, but arc less prolific than the Weasels. 
The navel-string is very short: tlie allantois is more elongated; 
a trace of vitellicle may be seen in a small bilobed yellowish 
patch, upon the inner surface of the placenta, where the navel- 
string ends. 

In the Ilyasna the dc(‘/iduous substance becomes fused with 
the chorionic placental processes: it i>s moderately thick, spongy, 
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tomatose, non-coherent : the foetal processes penetrate cavities in 
the decidua api)arently homologous with the utriculi of the 
liuman uterine lining, and having as little the structure of true 
follicular glands. The original deciduous capsule of the ovum is 
reduced to a very thin -layer of mucous substance, exterior to 
the placental zone. 

Seals have rarely more than two young, and more commonly 
but one, at a birth. In the latter case tlie fotus and its mem- 
braiies are limited to one hom of the uterus, not extending into 
the opposite horn, as in Cetacea. The placenta is zonular, in 
four or five continuous or connected divisions. In Phoca vitulina 
the diameter of the zone parallel with the long axis of the ovum 
is between two and three inches. In parturition the Ksclerous 
tissue of the symphysis pubis becomes relaxed, allowing divarica- 
tion of that part of the pelvic arch, which, consistently with the 
reduced hind limbs, is smaller than in land Carnivores. 

The gestation of the Bear ( U. arnericanus) is seven months : 
llie young, usually two in number, are born as well shaped as in 
other Carnivora^ but are more naked : the eyelids are closed, and 
so continue for about four weeks. From some information I 
have received respecting the Badger, it would seem, like the 
lloe, to have a long gestation in proportion to its size. The 
young, as with the Bear, are blind at birth. 

§ 405. Development of Qjiadrumana. — The Makis {Lemur) have 
sometimes one, conunonly two, rarely three young at a birth. A 
j)air of the Lemur alhifronSj captive at the Jardin des IMantes, 
Paris, coiuilated December 23, and afterwards repeatedly for five 
or six days : the female brought forth April 13, after a gestation 
of fifteen weeks. The new-born young was covered with very 
short hairs, and had its eyes open.' 

The •jVIarmoscts (Hapale Jacchus) resemble Lemur in the 
number of young: the gestation is three months : the young is 
naked at birth, except upon the head, and gets clothed in three 
or four weeks. In Callithrix sciureiis the long twisted umbilical 
cord is chiefly in connection with a circular thick discoid placenta: 
Init some of the branches of both the two arteries and tw'o 
V veins extend (as it seemed to Schroeder von der Kolk)® to a 
'‘' ^^maller and thinner circular villous tract, like a second placenta 
at the o[)posite end of the chorionic sac. 

The Howler {Mycetes ^euiculus) has a single placenta, also 
circular, discoid, from which the foetal blood Is returned by two 

* ccxxxvii''. p, 50. 

* II). p. 56, pi. 6, fig. 1. Kiidolplu found the placentii .single in Hapale Jacchus, 
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umbilical (allantoic) veins : the cord, as in Callithrix^ is attached 
to the iiuirp^in of the placental disc, Hapale, Novthora^ CalUthrixy 
and other snnill kinds of Platyrhines are monogamous. Larger 
platyrhine Monkeys {Mjfcetes^ Cubus^ e.g.) are polygamous: 
tlired or four females are usually seen with one male. Cfbus is 
usually uniparous : the gestation is five months: the placenta 
single, discoid, thick ; the umbilical cord with two veins and two 
arteries: the maternal and foetid portions of the placenta are 
expelled together, the foetal villous part does not come away 
separately, as is sometimes the case in Lissmcrplinla. Tlie villous 
and cellular structures are still more iutiinately blended in old- 
world Quatintnumn, In ilie tailed Catarbines, winch, as a rule, 
are uniparous, the placenta is double, the two being distinct and 
apart, usually disposed upon the right and left sides of the uterus. 
In fig. oHO, where they are extiosed in the green Monkey ( Orre- 
pifJtectrs sabccHs) the following parts arc indicate:- peritoneal 
coat of uterus, b h muscular coat, h' tlucker portion at the cervix 
uteri, r d glandular riigjc of cervix,/? cavity ])etweeii 

cervix and decidual liningof uterus, /Mecidua,// chorion, h amnios, 
/ uiubilical vessels asso<?iatod in groups of two arteries and one 
vein, on their way to tlic cord, //, h arnniotic surface of the two 
plaeeutie, m n ainniotic sheath of cord, dissected to show the 
two arteries and ojio vein : o clitoris, rj hair covering the lal)ije, 
r diverging branches of unibilieal vessels, on the proximal placenta, 
5% s vessels extending to the distal placenta v interplaeental 
area. In the pregnant rhesus dissected by Hunter* the 

two placentic wcjre contigmms, and eaidi of more obhmg form 
than in fig. .180. The jdacenta shows a combined cellular and 
filamentary villous structure. The filaments include the capillary 
loops of the fVetal vessels: but instea<l of lying freely in alvetdar 
cavities of the jiiatcrnal [)laccnta, they are connected or entangled 
with the fiiui cellular structure w’hi(*h receives the blood from the 
uterine arteries: the uterine veins have stronger and more definite 
coats than in the human jdacenta: the (le(?idua is also denser and 
more coherent, and the layer between the uterus and placenta is 
thicker. Eacdi jdacenta consists of sinaljer lobes united at their 
edges: in the fissures lie the veins, or sinuses, from which the 
venous branches are continued.^ 

In ^emnopither.us naslrus the two placcniie are more remote 
than iii Cercopilheeus^ and the distal one is smaller than that from 
which the uinbiJical cord is continued; this is divided into five 
lobes. Tw'^o placcmta; have been observed in a species Hylobates': 
‘ xciv, p. 71.' 2 XX. vot. V. p. U5. 
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but in the Chimpanzee the placenta is single. In all old-world 
QuadrumaHa the u?nbilical vein is single, as in Uimana. Whore 
any trace of vitellicle has been detected in Quadrumanay it has 
l>ecn very small. 

§ 406. Development of Uimana . — The lining substance Af the 
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Imman uteru.s, wlien an ovum is impregnated, augments in thick- 
ness, fig. 570, and seems to degenerate u\U) a pulpy s})ongy mass, 
into which the ovum sinks on entering the womb ; its position is 
shown, diagrammatieally, in fig. 572, li, e : but the sj)ecial chamber 
in which, at first, it lies loosely, is exhihited in fig. 581 : here, 
bristles are introduced at the orifices corres})ondii)g witli those of 
the oviducts, and pass out at the beginning of the cervix uteri, 
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where the decidua ends. The utricular canals become dilated 
and tortuous, and are still lined (or formed) by epithelial cells: 
but formifaction is active in the production of diverse defined cor- 
puscles from the ‘granule’ up to the colossal ‘fibre-cells,’ fig. 416. 

At the fourth or fifth month the decidua becomes condensed to 

a thinner layer, and detached 
from the muscular wall of tlie 
uterus by a new, soft deposit, 
which takes on the utricular 
character of the original lining 
substance, and remains after 
parturition. 

The primary changes of the 
impregnated human ovum 
have not been observed. It 
cannot be doubted that the 
germ-mass is due to the clea v- 
age process. Whether the 
outer coat continues to be 
the hyalinion when the ovum 
passes into its doeidiious nest; 
whether the hyalinion then 
gives place to an expandetl 
‘ animal ’ layer of the blasto- 
derm ; or whether this be superseded by the vascular layer of 
the allantois — are conjectural possibilities suggested by observed 
facts In lower Mammals, and awaiting proof. This is certain, 
that when the amnion is completed, the intestine formed, and 
the vacancy of the ventral walls contracted to an umbilicus, the 
remnant of the viteUi<!le is reduced to a crumpleil yellowish suh- 
circular corpuscle, 1^ line in diameter, adherent to the outside of 
the amnion, and connected with the intestine by a long fihimentarv 
omjdialo-mesenteric pedicle, accompanied by a vitelline vein and 
arteries. The vascular layer of the allantois has formed, or or- 
ganised, the chorion : its unvascular layer is divSposed like a serous 
membrane Victwocn the amnion and chorion, and maintains a con- 
nection for a time with a filamentary urachus, expanding within 
the pelvis into a urinary bladder. The growing ovum pushes the 
free wall of its decidual cliambcr into tlic uterine cavity (traversed 
by the bristles in fig. 5«1 ), and, filling It, reduces it to a narrow 
‘ hydroperionic space.’ The layer of decidua so pushed in seems 
to be reflected upon the ovum, and is termed ‘ decidua reflexa’ or 
‘ decidua ovuli the thicker layer lining the womb is the ' decidua 
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vera,’ or ^ d. uteri.’ Long and large villi extend from the chorion 
into the decidua, and at this period (latter half of the first month) 
there may be traced, upon its inner surface, orifices of canals that 
lead into the uterine sinuses. The maternal blood already flows 
freely into the maternal chamber, and, after passing everywhere 
among the villi, is returned into the uterine veins. Thus a tem{) 0 - 
rary jdaccnta is formed analogous to the diffused form described 
in Citacm and certain Ungiilatcu But soon the villi increase in 
length and size on the side of the chorion next the uterine Avail, 
and decrease on the opposite side, Avlvich becomes smootli or bald ; 
this, pressing upon the hydroperionic space, finally obliterates it, 
and arrests the Aoav of blood to that part of the circumference of 
the chorion. On the other part, next the uterine Avail, a circular 
space is left, like a meniscus, round the circumference of Avhich 
decidual groAvths pass from the uterus to attach themaclves to the 
chorion, and form the margin of the true placenta; then, as the 
uterus enlarges, concomitantly witli the expansion of the oviini, 
a decidua, called ‘ serotina,’ is reproduced to form the basis of the 
maternal placenta, from which septal processes extend grouping 
tlie developed villi of the chorion, or lietal placenta, into lobes. 
With the further groAv til of the placenta these lobes become usually 
more and more confluent, the fcctal also becomes more blended 
with the maternal part, until a structure results, as exposed 
in the section of the placenta and placental area of the uterus, 
fig. 582. 

The line, ?i, indicates the extent of the uterine Avail ; ml is 
Slo(;idua serotina;’ f/yMleciduous septa, g jdacenta, vh chorion, 
nm amnion, vf fetal blood-vessels, e, v villi, m.s’ uterine venous 
sinuses, f/, a uterine ‘ curling arteries.’ The two fetal arteries 
(allantoic or uivdiilical) communicate by a cross branch near the 
j»lacental end of the funis, beyond Avliich they spread in large 
liranclies over a considerable jiart of the free surface of the 
])lacenta, and subdivide diehotomously in the chorion, two or 
tlirce times, before tliey penetrate the placental substance to 
ramify in the villous jirocesses called ‘ placental tufts.’ The 
stems of these arc rooted in the chorion, and are tougli and 
fibrous. Each tuft consists of an outer coriaceous and an inner 
soft tissue : a distinction Avhich is continued to the terminal villi, 
fig. 583, as shoAVii in the end of one from a stale placenta in 
Avhich the inner vascular substance had shi’uuk aAvay from the 
outer epithelial sheath, ih. A. From the third to the sixtli 
month the arteries of the villi terminate in a rich (‘a|)illary [dexus 
at their periphery, ib, a. The veins irom the capillaries unite 
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with 11 les}< tortuous rourst^ than the arteries, eonvergiuj^ to the 
root of the funis and ulliinately uniting to form a single lunhilical 

v( in. After the sixth niontli 

Vilh t)f tcift nf ffrl:»J jisirt ftf H "ix imiijUi.-; lllV (U IlltO tllC UteriUO Willi j 

luawM. (CM-vj'. some extend into the deeul- 

ual septa, and some lead to the marginal channel teuaned the 
‘ circular sinus \ ' 


Villi t)f tdft nf frrtiU jisirt nf •»! TntinUir; 
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In Bimafia the placenta is relatively thicker atul smaller than 
in Quadruniana^ and is attached to a relatively in^rc contracted 
area of* the womb than in the tailed kinds. 
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hi the end of [)re‘^iiancv the fore part of the abdomen is occii- 
])iod by the uterus, fiu:. o84, the feetus being et>mmonly carried in 
the position there represented. 

Nine months is the usual period of gestation in liimann ; but 
occasionally birth oeeurs at the eighth or even the seventh month, 
and the infant has been I’oared, 

§ 407. Devdopmeut of Mammalian Brain , — Limitation of 
j^l^ace compels me to conclude this chapter with a bri(*f notice of 
J'ome of the more specially mammalian modifications of foetal 
formation. 
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Brail) of now-liorn Kniii/nruo : inaKM. 
5 tlini'S. LXXV*. 


^ The initial steps in the development of the nervous system of 
the Mammal closely correspond with those of the Reptile and 
Bird (vol. II. figs. 39, 135). The brain of the Kangaroo, a fort- 
night after birth, fig. 585, a, b, has not advanced beyond the 
condition of that of the embryo chick at the fourth day of in- 
cubation. Hanging motionless from 
the teat, like a foetus from the naveh 
string, its cerebellum, ib. a, c, has 
not transcended the filmy fold (»f 
the cold-blooded saurian type ; but 
expstnsion has begun at the base, n, 
c, of what are destined to become the 
mammalian lateral lobes.' The mescui- 
cejdialon constitutes the main part of 
the brain : it is a larfje oblong vesieh' 
in wliich the optic lobes, ib. fh begin to be faintly marked oft* from 
the ‘ thalainal ’ part, e, overlying the crura cerebri. Js o organ of 
the young ^ir-breathing Marsupial offers a greater contrast to 
that in the new-born placental Mainmabtlian flie retarded brain. 
In form it has got no further than that in the six weeks embryo 
slieep, but it is firmer iu texture : gradually advancing along tlie 
Mammalian route, its development stops at a certain point. The 
su])erincuinbent mass of cerebellum exj)ands, aceoininodating its 
ultimate sheet of grey matter to the cranial chamber by transverse 
folds ; and the lateral lobes stretch out into ap[)endicular lohes, 
fig, 74, e. The optic lobes, in their growth, show no disposition 
to special lateral expansion and divergence fas in the bird, vol. 11. 
figs. 42, 44), but swell into a pair of closely united lieinispheres : 
the sjiccial mammalian addition is due to growth of neurinc in the 
fore part of the ^ valvula vicussenii ’ between the ^ processus a 
ccrebello ad testes,’ which proceeds in Marsupials and all higher 
Mammals to add a second pair of tubercles (‘ testes ’ of antliro- 
]K:)t()my) to the optic lobes (‘ nates ’ ib.). Into the cavity of the 
small hemispheric vesicles, fig. 585, //, the ^ corjiora striata ’ 
first l)ulgo, and are soon followed by the hippocampal protuber- 
ances : with the former appear the transverse fibres of the anterior 
commissure, with the latter those of the hippocampal commissure. 
In Marsuj)ials this is the sole addition to tlie transverse connec- 
tions of the hemispheres common to lower Vertebrates: in 
Placentals, development of the commissural system proceeds 
establivsh the supraventricular mass called ^corpus callosiiin.’ 
But this is not necessarily accompanied by increased development 
of the cerebral lobes : the Lissenccphala retain the lyencephalous 
* Lxx>''. pi. vii. lig«. 11, 12. 
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siiporficies an<l proportions of tho siiperincunibent masses of tlie 
prosencephalon. In the Oyrcncephala these extend l>ackward 
over tlie mesencephalon, and more or less of the cerebellum : (rom 
the lisscncephaloiis condition transitorily shown by the human 
fictus, fig. 125, the middle lobes, r/, progressively gnnv into 
posterior ones, finally extending in Arclimrejthala above and 
boyond the c(irel)olliini, and accpilrlng the proportions and condi- 
lions of the posterior horns of the lateral ventrfcles and Miippo- 
(‘an;ii)i ininores’ peculiar to^and characteristic of the hniiian 
l>rain. 

§ 408. Deuelopmeirt of Mominarntn Skeh^ton, — The noto(‘hord 
early begins to show a series of dilatations answering to the 
later intorv(n‘tebral spaces.^ In the embryo bead the blastemal 
(‘overings of the ])icrs of the anterior cephalic hannal arch (maxil- 
la ries) project freely, and appear as processes of tlie second (man- 
dibular) arch; only tlie proximal parts of the third (byoidean) 
arrh are indicated by indentations, and the piers do not project 
IVe(‘ly, The cliIcK devel(>})mcntal mammalian modification arises 
iVom the proximity of the precociously and rapidly growing ap- 
peialages of the acoustic sense-organ (S)ssi('nla auditiVs ’) peculiar 
to tlic class: accompanied with a reduction of the proximal part 
(4* the mandibular arch to the support of the tymjianum, and 
with a slight forward dislocation of the distal part of the arch. 
In Monotromes the tympanic (vol. ii. fig. 197, 28), large and 
w(41-ossified in the blind and naked young, has its growth ar- 
rested and diverted by the rapid and excessive growth of the 
malleus, which becomes. aiichyloscd to tlie tympanic by its long 
proc(‘ss, o, whilst its ‘ manubrium,^ r, gives attacluncnt to the 
radiating fibres of the inusclo of the ear-drum, Tlio incus, 5, is 
ri‘jircseiited by a small and early confluent epi])bysis. 44ic colu- 
mclliform sta])es d is relatively small as in other Mammals. The 
l»ase of the mandible extends inwardly to join the tympanic, and 
its. articular surface is also extended outward, as in the Bird : the 
eonlbrmity with the Chick in tlie relations of both tympanic and 
mandible to the primary and transitory cartilaginous bieinal areli, 
Juul the plain homology of tlie ossicle, A, with the better developed 
incus of higher Mammals, arc decisive against the revival ol‘ 
l^■ichert’s ill-fouiidcd (•onclusloii as to the homology of the Mam- 
inaliau incus with the os quadratiim (tynqiauii*) of Birds and 
Bc‘|)tiles. In the maininary Kangaroo the tynqianii*, embracing 
an upper bifurcation the hind part of ^ Meekers cartilage,’ 
develops a convexity below adapted to the inner side of the 
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ascending ramus of the mandible, and a smooth joint-like sur- 
face, fitting into the upper concavity of the inverted angle, 
answering to the }>ei*sistent inner articular part of tlie condyle in 
birds.* The fourth hiemal arch is close to the occi[)ut In the liumi- 
nant, and retro^^rades as the neck is lengtliencd out bv verteline 
interposed between head and chest. It retains, in Cetaceans, 
almost the typical position exemplified in Fishes. 

The common ossiHeatioi'i of articular ends of bones from centres 
distinct from that of the shaft is a nrtllimmalian developmental cha- 
racteristic. The ultimate confluence of the ‘ epiphyses’ (vol. ii. 
p. 297) with the Sliaphysis’ indicates maturity of growth: but 
in tills relation there are differences in the same skeleton and in 
difterent species. In ]\Ian the epiphyses of the limb-bones toAvanl 
which the ‘ arteriie niitrltiie ’ run (p. 619) first coalesce with the 
shaft; those at the distal end of the luimcrus and proximal ends 
of the two antibrachials, e. g., at jmberty, those at the opjiosite 
ends of the same hones at the twentieth year. The proximal 
epiphysis <if the femur coalesces about the eighteenth year, the 
distal one at the twentieth ; the proximal epiphysis of the tibia 
joins the shaft about the twenty-fifth year, the distal epipliysis 
five years earlier. The epiphyses of the vertebral bodies coalesce 
about the twenty-first year in JJJmann^hut they eontinuc distinct 
for a much longer |)ro[)ortional period of life in Crtarca, Kpi- 
pliyses and sliort liories of limbs, those of the carpus and tarsus, 
0. g., continue cartilaginous some time after the shafts of the 
long bones are ossified, as sliown in fig. 586. This figure also 
excmplifievS the early manifcstatioii of ^ordinal (rharaeters; the 
inner digit of the pelvic limb, in the fmtal Monkey ( Cercopithrms 

suhevuji) already shows fiy itKS relative 
shortness and divergence from tlic 
others that it is destined to ojipose 
them, and to terminate the member by 
a prcliensilc hff?id: while, from the 
earliest manifestation of the digits of 
tlic same limb in the human embryo, 
the Oiallux’ by its proportions and 
]>arallelisin with the otlicr toes indi- 
cates the destination of tlie answerable 
part to become a jilantigrade foot, perfected to sustain and move 
the body of an ere(*>t Biped. 

§ 409. Mimbrana papiUnns. — The differences In degree of indi- 
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vulual development attained at birth parallel, in iMainmals, those 
in Birds expressed by the terms altrices and ]rr(scoceH (v(»l. ii. 
[). 2d5). The hoofed (piadruped enters the world with the use 
of all its senses; in a few hours can follow the dam, and kcoj) 
pace with tier if she sees 

cause for flight : the feline .>S7 

is horn blind and hel|)le.ss ; 
stniie days ehi})sc ere the 
coininissure of the eyelids is 
unsealed. Corresponding 
>;t(‘[)s in the Iniman t)rgan 
of vision are completed be- 
fore birtli. At tlie tiflli 
month ol’ lo'tal lile the pu- 
pillary aperture is very 
wide, and is o(.‘cu])ied l)y a. 
rich layer of looped cajnlla- 
rlcs supported l)y aipn)duc- 
tion of the membraiu? of the 
:n[ueous humour, tig. oH7, a. 

As the iris is developed the 

|)iipil contracts and the vessels of the pupillary membrane diminish 
in size and number ; so tliat at the eighth month only a few vessels 
arc seen crossing the transparent membrane, as at n. Shortly 
before birth, or for a. week after, a mere slired of the meml)rane 
may be detected, as in c and i>, and these are soon absorbed. 

§410. c/yY7^/////o74.- “The early stages In the development 

of the vascular system closely correspond, in Mammals, with those 
in Birds ( vol. ii. j). 203, fig. 130): the st(‘ps in the establishment 
of the aortic arcli, with their relations to conditions of primary 
In auclu^s charaeteristii! of sj)ecies, and to rare anomalies, have been 
<'xplained at j)p. 534-o37 ; here, the refore, there only remain a tew 
words to he said of the iVetal characters of the circnlating system. 

The blood of tlio fa*tns, after passing tlirongh the ramifi<‘ations 
ol the alhmtoie arteries, tig. ;5H8, \ \ in the jdacenta, returns 
hy the allantoic vein, u. This, on entering the abdomen, passes 
jd)ove and superficial to the duodenum, within the peritoneal fold 
oalled ‘ svispensory ligament’ of the liver, to the great fissure of 
tliat organ, wlicrc it cairies jiart of its blood directly, by the 
‘<lnctus venosus,’ d, to the post-caval, v, and part is distributed l)y 
d»e branches of the portal vein, L, through the substance of the 
liver, and is then conveyed hy the hepatic veins, /, into tlie 
g('ueral current of the returning blood. Tims, the right auri(de 
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of the heart, A', receives not only the blood which has circuhitod 
through the body of the f<etns, l)iit also that vwhich has ])ass(M| 
through the phu^enta, consequently a mixture of venous and ar- 
terial blood; — the bloody in the precaval, r*, beii»g entirely 
venous, that in the })ost-caval, v, being mixed. A jiart of this 
blood so accumulated in the riglit aurirlo 
[)asst\s into the left; auricle, //, by the ‘ fora- 
ovale,’ in the septum auricuhiruin, 
js; olucfly the blood from the post- 
can^il which takes that course. The rest of 
blood entering the riglit auricle ]>ass(‘s 
A '■ ^ *‘*K^*^ ventricle, il', and thence intt) 

H pulmonary artery : 1)ut very little blood 

is sent to the collapsed lungs, tor a passage 

rl <^ 1 * communication continues iVom the pul- 
inonary artery into the descending aorta by 
retention of jiart of the third ]H*imi(ive arcl), 
/ Hg. 420 , tbrming the ^ductus arteriosus,’ 

; fig. 088, 1); thus tin; greater mass of the 

^ nil V V blood, wbieh in the adult would have pro- 
. eeeded to the lungs, is in the tbdus Imme- 
if \ diately transmitted to the aorta., A, Tins, 
AS'S'- 4 r ^ ‘d’ter its origin irom the hdt ventricle, 

Mf jA' 'f| . delivers almost all the blood expelled by lh(3 

/ n I V -V contraetion of that cavity into tlio <‘arolid 

% subclavian art(*ri<'s, while the duetiis 

arteriosus passing between the trunk of ihc 
T’Vi;4i(inui;ifn.ii c,vn rr..;n jiuliiionary artcrv and the descending aorta 
directs the blood wbieh jiasses through tlic 
right vcutricle to the h»w^er regions of the body. In this maimer 
the npj)er regions are supplied with the most arterialised part nf 
the blood from the left, side of the heart and aorta, while tin* 
purely venous blood is propelle<l from ibe right \'entri(do tbrough 
the ]>ulnionary artery and ductus arteriosus into the descending 
aorta, and conseipiently into the lower jiart of the body, and hy 
the allantoic arteries to the placenta. The eircuhition in tlic 
fcetal Mammal thus offers a close and interesting analogy to that 
in adult CnuMKlilimi Reptiles (vol. i. p. r>12). 

The foramcji ovale in the septum of the auricles, the ductus 
arteriosus pa.ssiug from the jndmonary artery to the aorta, tin' 
ductus venosus leading from the allantoic vein to the post-caval, 
and the allantoic (umbilical) vein and arteries, arc the structural 
])(3culiarlties of the mammalian ftetal circulating organ.s. The, so 
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passages arc all closed up, and tlie^allantoic vessels obliterated at 
the navel, after jiiiliiioTiic rcspii*ation is established at birth. 

§ 411. Definition of Male and Female Organs , — lii the Mam- 
nialiaii as in other vertebrate embryos the urogenital parts, before 
sho>ving distinction of sex, apjiear in a seemingly more conij)Iex 
or mnJtipIcx eonditioii than when per- 
r(‘cted at a later stage. As in lig. oSO, 
wo recognise the basis ol‘ the true or ’ 
persistent kidneys, with tlieir duet, 
r; tlie antecedent deciduous kidney, W § P ' 

or ‘Wollfian* body, A, is here on the Ifff ■ M ^ IW 
wane, with its excretory du(!t, /*; the ^ I 1:- — BM 

lu'giuning of the essential genital ' 

gland is marked c, the adrenals, r/, ||A ' ■ fk 

and llie tubes called ^ ducts of Mill- r4m- ^ \ 

lcr,’.y. _ Ills Wmt^] 

In the male jMainmnlian embryo the 
Jnct, /*, becomes connected by a white 
granular ])roccss wuth a similar one V n C ' 

from the gland, c, on the inner side of \ 

tli<‘ Wolrtian body : ))y the union of 101 

these offshoots is formed the epididy- I ' 7 

mis, mi<l the j^huul e can flicn he de- 
icrmincd as the testis: the ducts, 

//, shrink and arc metamorphosed int the ])rotomctra. In 
female there are not such con vertrino’ <£rowtlis between the 
<liict /■ aiul the gland r: tJic duct /’ slirinks with the Wolffian 
lindy, and is reduced to the remnant iwognisahlc in tlie adult 
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as a ‘canal of Malpighi.’ lint the tuhe,//, rises al>ove the Wolffian 
body, ('xpands as at c, fig, 55)0, and afterwards ojieiis at f. As 


die Wolffian body atro|)hies, 
ihe duct, /’, fig. 5S5), he- 
gbis to 1)0 tortuous in the 
ar.ile, and hecomes ‘ spei-in- 
duct’; W'hilo y shrinks: but, 
Ja the female, g widens, 
and becomes, as in fig. 55)1, 
nvidiict, c, and uterine born, 
but the distinction is late 
ni the Ituminant einbrvo. 

‘f * 

In the Immaii embrvo at 
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three months, tbe lower or distal ])ortions of r, c, fig. 55)2, Jiayo 
dilated and become fused into llic utenis, a^ which still shows 
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the indent of its primitive divkioii. The remnant of the olttiaii 
body, is long recognisable as the ‘parovarium.’ ^Ihc 

ovaries, </, d, are smooth and elongate ; the round ligaments, />>, />, 
are relatively large. 

In certain malformations more or less ot the primitive condi- 
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tions of the genital organs are retained, and give rise to ' lier- 
maphrodite ’ states of the j>arts. In tig. 593, a, «, arc tlic tesUs 
witli which the ducts, f, in fig. 589, had efleeted their niiioii, 

and* hecoine ‘ vasa de- 

tf</o 

ferentia,’ iig. 6i)3, f/, d: 
/> is a combi natit >11 oi’ cpi- 
didyinis witli the ahilo- 
ininal ends of the ‘ niul- 


f " ]j lerian ducts, tigs.. o89, 

J continuing 

u M closed and having l)e- 

/' come adherent to tin* 

f j| ST mass including a roin- 

B| jA nantofthe Wolffian body. 

||l \ I )c velojancnt of tlie mul- 

Ulyy lerian ducts has, how- 

VfflfI over, proccciled to a dt- 

lHI finition of the oviduct or 

J|ll\ fallopian tuhe, fig. 

^ f|\ //, and of tlic uterine 

horn,/,/, with the body 
-^i"n the uterus an<l vagina, 

' c: it is normally reduced 

( .iinlial urgatjft of lUTmapbrodlte Goar, the male par* tO ‘ prOtOIUCtra,’ in fig* 

i.r<'tl<»inlii:tr,lii^. ttnxxxix". 525 C 

§ 412. jycswKt o/tc-sto.—In all Mammals, save the true testi- 
(jonda, a preparatory structure is established for either periodiral 
or i»ernianent withdrawal of the testes from out the abdomen. 
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In the human fmtus this structure, called ^ gubernaculum testis/ 
lig. 594, consists of a central axis of soft gelatinous substance 
rife with nucleate cells and sun'ounded by fibrous tissue, which 
fiodu exhibits the strijied characteristic of voluntary muscle. Some 
of these fibres rise from the bottom of the scrotum, lo, and traverse 
the abdominal ring, 6, here diagrammatically indicated in CuR- 
niNCi’s excellent article coxLii"; by ^Pouparfs ligament,’ 7, 7 : a 
second series of fibres, 9 , arise from ‘ Po apart ligament,’ and, 
with the pubic fibres, 8, seem in many JJssencephftla to be an 
inverted part of the internal oblique and transversales muscles : 
the whole, inclosed by aveolar tissue, and connected by a fold of 

r)!U .vj'j 




IJiaurrani of flu? Ku?«‘rii?iculuin ftiitl diagram of Hu* tosiiflc injnu'tlfurt'Iy after Its arrival 

previous to Its wxLfi". tii tlio scrotum. a?\Lu". 

peritoneum to the psoas muscle, extends to the testis, 2 , This 
‘ gnbernaculiim ’ shrinking or contracting, or both, between the 
jifth and six months of human gestation, draws the testis from 
below the kidney, i, (o the abdominal ring, r,, where it rests to 
the end of the seventh month. During the eighth mouth It 
traverses the inguinal canal, and by the end of the ninth month 
lms*reached the serotnm, where it is cominoidy found at birth, 
with the remnant of the scrotal part of the gubernaenlum, 
iig. 595, 2. The iliac, 4, and the pubic, 5, portions of the mus- 
cular tissue have no>v become the cremaster’; the bag of peri- 
toneum, 3, 3 , carried out with the testis, l, is converted, by 
oiiliteration of the neck, into ‘ tunica vaginalis testis.’ In scrottil 
Miumnalia, as a rule. It remains pervious, and it communicates 
w idely with the abdomen in periodical testiconda. 
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CIIAPTEK XXXIX. 

31AMMAin" .iNl> MAliSUlMAL ORGANS. 

§ 413. Li Moiiotrernatcu ~ \n a fomalc Ornithorhyncliiis, shot in 
December, and of Avliich the ^corpora liitoa’ iiidicatcd that slio 
had recently brought fortli young, the inainmary glands formed 
an oblong llattenod mass on each side of the ventral parietes of 
tlie abdomen. Each gland Avas compcKsed of between one hundred 
and two hundred elongated sul)cylindrieal lobes, fig. 596, con- 
verging to a small (nal areola, 6g. 597, in the alxlominal integu- 
inent, sitinited between three and four inches from tlhc cloaca, and 
al)out one inch from the medial line. The lobes are rounded and 
cjdarged at their Iree extremities, and become narrower to al>ont 
one-third from the point of insertion, where they end in slender 
ducts, fig. 596, a. Almost all the lobes are situated at the outtn- side 
of the areola, and consequently converges toward the mesial line of 
the abdomen : in 6g. 596 they are exposed l)y reflecding outward 
the skin. Between the gland and the integument the ])annieulns 
caniosus is interj)osed, closely adhering to the latter, hut con- 
nected with the gland hy loose cellular membrane. 'Jdiis muscle 
is liere a line in thickness. Its fibres arc longitudinal, and, sepa- 
rating, leave an elliptical space for the passage of the ducts of 
the gland to the areola. On the external surlace of the ^jkin, 
Avhen the hair is remove<l, this areola can oidv he distincruished 
hy the larger size of the orifices of the lacteal ducts, comjxired 
Avitli those for the transmijssiou of the hairs: Tin* orifices td’ the 
ducts thus grouped together form an oval sj>ot., five lines in the 
long and three in the wsliort diameter. Neither in this nor any 
otljer of‘ the many specimens in wliich 1 have disserted the niain- 
inary glands was the surfiufc on which the ducts terminated raised 
in the slightest degree beyond the level of the surrounding 
integnment. 

In a full-grown hauale, killed in August, in which two enlarged 
ovisacs indicated the prejiaration of ova for impregnation, the 
inaminary gland was reduced to the size given in fig. 598 : diverg- 
ing tracts of cellular slu^aths with fat indicated a previous seasonal 
cjdargement. 

Mercury injected into the substance of a lobe diffused its(vlt’ 
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ill minute globules through 
tlic parenchyma, and at a 
distance of an inch it en- 
tered a central du(*t, down 
which it freely ran to tlie 
areola, where it escapcMl 
externally from one of the 
nvmite orifices just de- 
scrilied. Tliis process was 
repeated on most of the 
lobes with similar results: 
the greater part of them 
terminated bv a siiiLrle duet 


iMl.M 
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0] )ening exteriorly and dis- 
tinct from the rest, but in 
a few instances the ducts 
of two contiguous lobules 
united into nne, and iji these 
cases the mercury returned 

1) y the anastomosing duct 
and ])enct rated the sub- 
stance c>f the other lobe as 
freely as that into which 
the pipe had been insei’ted. 

Some of the lobes in jecteil 
by the reflux of the mercur y 
through the duct, and of 
which it was more certain 
that the nlandular structure 
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and not the cellular mem- 
brane was filled, were 
dried, and various sec- 
tions were subinitied to 
microscoj)ical exainina- 
tion. A t the j^rcater cx- 
triMuIty they are minutely 
cellular, the cells com- 
municating Avith duets 
elongating as the lobule 
grows narrower, dilating, 
and terminating in a 
larger central canal, or 
reeej)taclc, from which 
the excretory duct is con- 
tinued. On making a 
sc(‘tion of the coriuin 
thi'ough the middle oT 
the areola the ducts are 
seen to converge to the 
external snrfaee, but 
there is Jio inverted or 
concealed nijiple at this 
j>art, as in the Kangaroo. 
Fig. 509 gives a magni- 
lie<l view of this section, 
with the section of one 
of the dried and injected 
lobules. On the first an- 
nouncement, by Mko 
KEL, of the exist enc(^ 
of abdominal glands of 
tlie size and stru<*ture 
shown in fig. 596, it was 
objected, that they did 
not possess the charac- 
ters of a true mammary 
gland, and tliat they rc- 
seinhlcd rather the clus- 
ters of elongated follicles 
situated on the flanks of 
Salamanders, and still 
more to the odoriferous 
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scent-glands at the sides of the abdomen in Shrews, which are most 
active at the season of tlie rut.' 1 put this question to the test, 
first by showing the true structure of the mammary lobules, and 
next by comparing the relative size of the glands with the con- 
dition of the ovaria.^ The abdominal scent-glands are present in 
both sexes, and become largest in the male Shrews : but, in the 
(jrnithorhynchus the glands are confined to the female, and vary 
in degree of development at different pcviods in individuals of equal 
size, attaining an enormous development after gestation and being, 
small at the rutting season. The secretion being conveyed out- 
wardly by means of numerous long and narro^v ducts indicates its 
fluid nature, and is contrary to the mode in w'liieh odorous sub- 
staiu'cs arc excreted. The excretory orifices are by no means 
extended over so wide a space, in proportion, as in the Shrcw\ 
but are collected into one wdiieh accords w-ith the size of th(‘ 
mouth of the young animal, and this spot is situated in a part of 
the body couveuient for the transmission of a lacteal secretion 
from the mother to her oft!s))riiig. 

(’om[)ared wit A an ordinary mammary gland, that of the 
( Irnithorhynehus differs chiefly in the absence of the nijjple, and, 
<’oiise(iueiitly, of the surrounding vascular structure necessary for 
its erection. But the remarkable modification of the mouth in 
the young Ornitborbyuebus removes much of the difficulty w-hicli 
previously attached itself to the idea of the possilulity of an 
animal with a beak obtaining its nutriment by suction. The 
Avidth of the mouth in the smallest observed Ornitborbynchus, 
fig. fiOO, corres[K)iids w ith the size of the mammary areola ; arid 
thohroad tongue, extending to the api(*cs of‘ the broad, sliort, and 
soft juAvs, fig. GO I, with tlic fold of integument continued across 
the angle of the moutli, are all modifications Avhieh jn-epare us to 
admit such a co-adaptation (»f the mouth of the young to the 
mammary outlet of tlic i)arcnt as, AAuth the combined actions 
of suction in the recipient, and compression of gland in the 
(‘xj>elleiit, to effect this essentially Mammalian mode of nourish- 
ment. 

The cireumstanees Avhieh first attract attention in these singular 
objects, fig. 600, are the ahseuce of hair, the soft flexible condition 
of the mandibles, and the sln)rtne.ss of these parts in proportion 
to their breadth as compared Avith those of the adult. The in- 
tegument with which the mandibles are covered is thinner than 
that which covers the rest of the body, and smoother, presenting 


' xtjvi''. ]». 4r)7. 





764 


ANATOMY OF VKliTEBllATKS. 


inuler the lens a minutely granulated surface when the cuticle is 
removed, which, however, is extremely thin, and has none of 
the hoi'iiy clianicter which the claws at this period ])resciit. 
The margins of the upper beak arc rounded, smooth, tliick, and 
fleshy ; the whole of the under mandililc, fig. fiOl, /y, is flexible, 
O(U) i^nd bends down ii|)on the need; 



when the mouth is atteiujited to bo 
opened. 11ic tongue, ib. //, which 
in the adult is lodged far hack in 
the mouth, advances in tlie joiing 
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atiiiiuil elossc to the end of the lower mandlhle ; all the ima-easc of 
the jaws beyond the tij) of tlic longue, wliich in the adult gives rise, 
to a form of the moutli so ill calculated for suction or ap|»rK‘ation 
to a flattened surface, is jieculiar to tliat period, and conse(|uently 
Ibrms no argument against the fitness of the animal to rcci'ivc 
the mammary secretion at an earlier stage of existence. 1'he 
hreadtJi of the tongue in tlic larger of the young specimens was 
lines; in the adult it is only one line hroarler; and this dis- 
pn)})ortioriate dcvelojiinent is plainly indicative of the impo]-tanc(‘ 
of the organ to the young animal, botli in receiving and swallow- 
ing its food. Tlie mandibles are surronndi’d at tluh* base ))v a 
thin fold of integument, which extends the angle of the mouth 
from the base of the lower jaw to e(jiial the breadth of the l)asij 
of the uj)j)or one, and must increase the facility for receiving the 
milk ejected from the mammary areola of the motlun*. The 
ohluiue lines which characterise the sides of the lower maudihle 
in the. adult were faintly visihle on the corresponding ))arts j>f the 
same jaw of the young animal : a minute ridge ol' the inner sides 
of these lines iiidioates the situations of the anterior horny teeth 
of tlic adult. 

The exterior nostrils, ih. a, communicate with the mouth by 
the foramina ineisiva, whldi arc situated at nearly three lines 
distance from tlie end ol’ tlie upper mandible, and ai'e each 
guarded by a membranous fnld extending from their anterior 
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margin: the nasal cavity tlieii extends backwai*d, and terminates 
immediately aliove tlie larynx, the tip of the epiglottis extendii-ig 
into it, find resting upon the soft palate. 

On the middle line of the .uj)j)er mandible and a little anterior 
to tlie nostrils there is a minute fleshy eminence lodged in a slight 
(h^pression, fig. fiOl, h. In the smaller spe(‘imcn tliis is surrounded 
hy a discontinuous margin of the epidermis, with which Ksubstance, 
tlierefore, and yirobably (from the circumstance df its being shed) 
thickened or horny, the caruiude had been co\;^recl.: It is a 
structure of wliicli the ujiper mandible of the tidiilt j^senfs no 
trace, and is obviously analogous to the hoi^j^ which is 

ohserved on the upper mandible in the fcetiSli ^f aquatic and 
gallinaceous ilirds. .1 do not, however, conceive that this striii*» 
tnre is necessarily indicative of the mandible's liaving been applied, 
under tlie same (Mrcumstances, to overcome a resistance of pro- 
cisi'ly the same kind as that for Avhich it is designed in the young 
r»i)-ds \Yhich possess it. The shell-breaking knob is found in 
only a part of the idass ; and although the similar caruncle in the 
Oniithorhynchns afibrds a curious additional affinity to the Avrs 
jirt’rorcs, y(?t, as all the known history of the ovum points strongly 
to its ovo-viviparous development, the balance of evidence is still 
ill favour of tlie young being bronglit forth alive. 

The situfition of tlie eyes, ib. c, was indicated by the conver- 
gence of a few wrinkles to one point ; but when, even in the larger 
of tlie two speidmens, tliese were put upon the stretch, tlie in- 
tegument was found entire, and completely shrouding or covering 
the eyehall anteriorly. The fact is of importance to the (piestion 
of the mammifenms charactm* of the Oriiithorhynchus. For on 
the supposition of the young animal possessing locomotive facul- 
ties, which would ciialile it like tiic young gosling, inimediatoly 
after birth or exclnsitm, to follow the parent in the water, and 
there to receive its iintriment (wliether mucous or otherwise), the 
sense of vision ought certainly to 1)C granted to it in order to 
<lir(‘ct its niovemonts. The jirlvation of this sense, on the con- 
trary, implies a confinement to tlie nest, and a reception on land 
of the mammary secretion of the parent. Tlie auditory orifices, 
ih. are situated about a line behind the eyes. The general 
form of the body and the cartilaginous condition of the bones 
el* tlie extremities equally militate against the young Oniitho- 
rhynclius jiossessing, at this period of its existence, active ])owcrs 
el swimming or creeping. The head and tail are closely approxi- 
mated on tlie ventral asjiect, requiring force to pull the body out 
edo a straight lino; and the relative quantity of integument oii 
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the back «an<J belly shows that the position necessary for the due 
progressive motions is unnatural at this stage of growth. 

The toes on each of the four feet were coin{)lotely formed, and 
terminated by curved, conical, horny claws ; but the natatory 
fold of membrane of the fore foot had not the same proj)ortional 
extent as in the adult, and the spur of the hind foot did not 
project beyond its socket in either s[)cciincn. In the smaller one, 
which was a male, it presented the form of an obtuse pajnlla; 

while in the larger specimen, al- 
though a fcinale, it was more ])lainly 
developed and more pointed, fig. (502, 
/'. This circiimstance is in exact ac- 
cordanee with tlie known laws of the 
development of sexnal distinctions, 
especially of those of secondary im- 
portance, such as beards, manes, 
plumes, horns, tasks, sj>nrs, &c., 
which do not avail in distinguishino' 
the sexes till towards the j)criod of 
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puberty. 

In the Evhidnn hystriv the mammary glands resemble in 
structure and jiosition those of the Oniithorlu/nrhvii \ but the 
ducts, when the gland is functionally developed, ojicn into a 
small tegumentarv j)ouch, fig. G0:j, c. The gland, ib. «, is of a 
tlattened, sul»elli[)tic form. The lobules converge toward tlie 
mesial line, in their course to terminate in the fundus of tlu! 
{)OMcIi. Kach l<d)e is a solid parenchymatous body; the duct is 
more directly continued from a canal which may be traced al> 0 Mt 
halfway towanl the fundus of the lobule; the canal gives off 
numerous sliort hranehes from its cireumference, wliich subdivide 
and terniiMate in (dusters of suhspherical Sacini ’ or secerning 
cellules. The structure is on the same gemu’al ])]an as that of 
the mammary glands in higher Mammals, but the cellules aie 
proportionally larger. Each gland consists of about lOO long, 
narrow, flattened lobes, obtusely voundfal at their free ends; 
they are surrounded by a loose capsule of (adlular tissue, and 
lie b('tween a thick ‘ ])anniculus carnosus,’ adherent to the abdo- 
minal integument, ib. ^/, and the ‘ ohlifjuus externus abdominis’ 
muscle, on a plane exterior or ‘ lateral ’ to the pouch. On each 
side of the abdominal integument, about two incJics in advancic 
of the cloaca, and about three inches and a half from the 
base of the tail, Is the aperture, which is longitudinal and di- 
rected tenvards the median line. The skin of the abdomen, where 
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it begins to be inverted, loses tbickness, and at the fundus of 
the pouch, ib. o, is only half as thick as where it overspreads the 
abdomen. 

1 liave not hitherto met with any trace or beginning of such 
abdominal pouches in the various Ornithirrhj/ncM in which I have 
liad occasion to note different phases of the development of the 
nvaria and inammary glands. A warm-blooded air-breather, com- 
pelled to seek its food in water, could not^safely carry the progeny 

r>03 
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it had l)rought f'ovtli in a pockc^t beneath its l)()dy during such 
(jiiest: all observers bavc noted the nest-making instinct of the 
Plafy/rns, and in such tcanjmrary and extraneous structures only 
have the young be<‘n hitherto found. 

Tlie (luestion remains, wbetlicr the marsupial pouches of the 
pA'hiiliia increase with the growth of the yt)iing? It is certain 
that tliey only commence Avith the growth or enlargement of the 
mammary glands prclinunary to birth. In the young specimen of 
fVinal(‘. Ev.h 'ulfia in wliich the glands Averc first discovered * their 
ducts opened upon a plane surface of tlu' abdominal mtogument. 
In a nearly full-grown uiiimprcgnatcd female there was also a 
total absence of iiifl(*c.tcd folds of the integument where the 
mainmary ducts tenniuafo. Some movement, perhaps, of these 
ducts in connection Avith the enlargement of the mammary lobes, 
uud(jr the stimulus of ])reparation for a coming offspring, may, 
with associated groAvlh of the abdominal integument surrounding 
the areola, he amongst tlie physical causes of the first formation 
‘d’ the pouch. 

"IMie young Echidna, ib. c, resembles the neAv-born Kangaroo 
01 the proportions of the limbs to the body, in the inferior size 
aud development of the digits of the hinder pair, and in the fViC- 
ide indication of eyes or eyelids. lint the mouth is ]>roportionally 
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"wider, and lias tlic form of a transveivc slit ; It is not eirctilav. 
Upon the upper lip, in ihe niidline between tlvc two nostrils, 
is a small protuberance, corresponding to tluit in the young of 
the Onu’flior/it/nrhns paratloxus^ and wanting the cuticle. The 
tongue is broad and flat, extending to the ‘^rictus oris,’ but 
very short in projiortion to that of tlic parent, and of a very 
ditferent shape. 'Fhc tail is inucli shorter than in the young 
Kangaroo, and “shows as much proporthmal size as in the full- 
gi’own Evlihlmu in which it is a mere stump concealed by the 
(juills and hair. The head is proportionally longer and more 
slender in the marsupial fictiis of the Kchhlna than in that of tlie 
Kangaroo, and already, at this early period, (oveshows the elia- 
racteristic elongation and attonnation of that part in the matiiiMi 
animal. The form of the mouth, as a transverse slit, is a gootl 
monotrematous chara(’t(‘r <if the young at that jun‘io<l, since in all 
true or teated marsupials tlie mouth of the mammary fetus has 
a peculiar circular and tulmlar shape. A scarcely visible linear 
cicatrix at the middle of the lower part of the abdomen is the 
sole trace of umbilicus. A bitid. obtuse rudiuuiit of penis or 
clitoris projects from the fon‘ part of‘ tlie vsingle urogenital <»r 
cloacal ajierture, and in advance of th(» base ol* the tail-stump. 
Of the l)rain, the largest part is the mesencephalon, chiefly con- 
sisting of a vesicular condition of the oj)lic lobes. 

The fore rmd)s, in their shortness and breadth, foreshow dui 
characteristics of those of* the jiarent, which may be saal, in<lee<l, 
to retain in tins respect the cml»ryoiiic character with sn|>cr- 
induced breadth atul stiamgth. The digits have already some- 
thing of the a<lult proportions, the first or innermost of the fi\(J 
being the shortest, the others of nearly equal length, but gra- 
duating shorter from the third to tlie fifth ; each digit is termi- 
nated by a claw: in the bind limb, the secoml is already the 
strongest and longest, the rest more rapidly shortening to the flifh 
than in the fore leg; tlic innermost, agreeably witli tlie law of 
closer retention of type in the embryo, though the shortest of the 
live, is less dis|)roportionally so than in the adult. The young 
nestles its head and fore-limbs within the marsupial fossa, cling- 
ing by its precocious fore claws to the skin or hairs of that part, 
and imbibing by its broad, slit-shaped month the nutritious se- 
cretion as it is pressed hy the muscles acting upon the gland 
from the areolar outlets of the duct.s. 

§414. In Alarsupialin , — In Marsupials the mammary glands 
have a more compact form and minutely conglomerate strVictiu’C 
than ill MonotremeS. They arc developed on each sid*e the linca 
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alTbti at the hack of the mar.sn])ial dejiressioiis, or of the pouch ; 
they are not fewer than two on each side {Macrojms, Hyj)si- 
])rjpnniis^Phalanyistay Petuanis^ Pluiscolfcrctos, PhaHv.olomjjs) \ nor 
more than thirteen, six on each side and one midway i^Dulelphf/s 
vinpniamt). The follicles, from the inner surface of wducli the 
inilk-cells are detached, are cylindrical in shape, y\,th in. in 
diainctcr ; grouped in clusters of from ten to twenty on short, 
slender ducts, wliich enter the sides* of larger canals, these 
jiiniting to form four or six conical dilatations, from the apices of 
whi(*li as niatiy slender duciS pass to the apex of the nipple, 
'fliis is peculiar for its length and slenderness when in use ; but 
in the young, and virgiirMarsupial it is much shorter, and lies at 
the bottom of an inverted part of the skin of the back of the 
])oucli, which becomes thin and is reflected over the end of the 
nipple, like the )»repuce over the glans ])onis. The mammary 
glands enlarge after im[»regnation, and ra])idly a day or two 
before uterine birth; when, partly from development of the 
nipple, })arlly from j)ressure of the enlarging gland, aided 2 )erhaj)s 
by the action of its e<»mpressor muscle, the sheath is everted and 
llie nipple protruded. The preliminarv Infolding of the integu- 
ment ])rovides for the covering of the long nl}>p!e, which now is 
])cndant at the ba<*k of the poiu’h. The compressor nuiS(de arises 
from the ilium between or near to the lower attaeliment of the 
internal oblique and “ transvcrsalis abdominis:’ it )>asses out of 
the alxhnninal ring, ))euds round the marsuj>ial bime, expands as 
it turns upward and inward ))ehind the poneli to surround partly 
by carncous, jiartly by sclerous fibres, the iinimmary glands, 
dividing into as many insertions as there arc glands of its own 
v^ide. This muscle (‘ ile<»-marsupialis’ of Cuvier) is the hoinotype 
of tin' ‘ cremaster ’ in the male fp. 10); and the chief function of 
the ossilieation of the internal j>illar of the abdominal ring (mar- 
supial bone) is to add the j)ower of tbe imllcy to the com])ressor 
of the mammary gland, and ettec't the recjuisite change in the 
course (»f tlie c-ont Tactile fibres. In the 2 )oueh of a young Mar- 
supial the nip})les are irulicated by the inconspicuous orifices 
of the teat-sheaths. Onec naturally {)rotruded and the sheath 
everted, the nip])Ies continue external. In the Kangaroo, after 
being some weeks in use, they jn’csent a slight terminal expan- 
•^ion, fig. 604, (L This part lies in a deep longitudinal fossa on 
the dorsum of the tongue, ib. a ; and the originally wide mouth 
the uterine hetus is changed to a long tubular cavity, with a 
terminal sub-circular or triangular aperture, just large enough to 
admit the iiipjdc, to which the young Marsujvial thus very firmly 
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adheres. In tlie new-born Opossum the oral pore Is singularly 
minute, and the mother s nipple has an obtuse but not expanded 
termination. 

Ill the Phascogale, in wliieh the nipjdes are relatively larger 
than usual, and of a subeoinpressed clavate form, the young, 
when grown too large to be carried in the pouch, are dragged 
along by the mother, if she be pursued, hanging by the nipples. 

The number of nipples bears re- 
lation to that of the young brought 
forth at a birtli ; althoiigli, from the 
eircumstance of the produce ol’ two 
gestations being for a short lime 
suckled simultaneously, the nipples 
are never so few. Thus tlie nnipar- 
ons Kanganx) has four nipples, oi’ 
which tlic two anterior arc generally 
lliose in use : the Petanrists, which 
bring fortli two young at a birth, have 
also four nipples ; whilst tluj multipar- 
ous Virginian ()[)ossum has thirteen nipples, six on each side and 
the thirteenth in the middle. In the Diilelphijs Opossum there are 
nine nipples, four on each side and one in the middle. "I'lie Di- 
delphps (lorsif/era has the same number of nip|des, nllhough six is 
the usual mmibor of young at a birth, fig. In the Phasm-^ 

r/nle penicHhita thoro are eight ni]>ides arranged in a circle. The 
Peramelfs uf/sutn lias the same number of nij^plcs arranged in two 
slightly curved longitudinal rows; this Marsupial has three or four 
young at a birtli. In all Marsupials the milk exudes from six to 
ten minute orifices arranged round the apex. The nip|)le iiu^rcascs 
in size with the growth of the mammary fVctiis appended to it. 

The dcvek)pment of the marsupial ])()U(!h is in an inverse ratio 
to that of the uteri ami directly as that of the complicated vagina* : 
thus it is riidimental in the Dorsigerous Opossum, whicli has the 
longest uteri and the simplest vaginae: may conclude therefore 

that the young undergo a greater amount of devidopmoiit in the 
womb in this and allied species; and here, if in any Marsupials, 
beginnings of a placental structure may l)e found. In the Kanga- 
roos and Potoroos, w liich have tlie shortest uteri and longest vaginal 
tubes and cul-de-sac, the marsupial poucli is wide and deej>. It 
is composed of a dnplicatnre of the integument, of wliich the ex- 
ternal fold is supported by longitudinal fasciculi of the panniciilns 
carnosus converging below to be implanted in the symphysis 
pubis. The mouth* of the sac is closed by a strong cutaneous 
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spliiiicter inus^cle- The interior of the pouch is almost naked : a 
i*ew hairs grow around the nipple : it is lubricated by a brown 
sebaceous »secretion. The mouth of the pouch is directed for- 
wards in most Marsiijujils : the reversed position in the Pcramelcs, 
and Chairopus, wliere the 
inouth is directed towsirds 
the vidva, lias l)ecn already 
noticed. 

In the male Thylaclne 
the rudimental marsnpium 
is retained, in the I'orm of 
a broad triangular dejjres- 
slou or shallow in verted 
fold of the abdominal in- 
tegument, from the middle 
of wbleb the pedunelc of 
the serotum is continued. 

Jn the female theoriliev^ of 
tlieeapaeious pouch is situ- 
ated nearer the posterior 
than the anterior boundary 
of tliat rece|)taele. 

Prom experiments and 
obscrvalioiis made at the 
London Zoological Gar- 
dens in 18^13, I inferred 
that ill the ease of the 
Kangaroo the fore jiaws 
were not used for the traiis- 
luissiou of the fietus, but 
to keep open the pouch 
ready for its reception, the 
new-born animal being de- 
posited therein by the 
niouth, and so held over a 
nipple until the mother 
had ielt it grasjiing the 
sensitive extremity of the nipple. 

1 his means of removal is consistent with analogy ; dogs, cats, 
Rnce, all transport their young from place to place with the 
nnaith. In the case of the Kangaroo, it may be supposed that 
the fa^tus would be held by the lips only, not the teeth, on 
<n!coiint of its delicate consistence. There is no internal passage 
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from the uterus to the pouch : — the mouth of the vagina cannot 
be brought into contact with that of the pouch, either by mus- 
cular contraction in the living or by any force of stretching in 
the dead Kangaroo : — as the young was proved by the result of 
this exi>eriment not to have the ])ower of itself to regain the 
nip[>le, (i fortiori we may cH>neIudc that it could not transfer itself 
from the vulva to the interior of the pouch and to the apex of the 
nipple:— the hne-paws of the Kangaroo would not so effectually 
protect the tender embryo tVom the external air as the mouth, 
nor so safely ensure its ])assagc to the ])ouch, notwithstanding 
that they are adroitly used in grasping objects, being similar, in 
respect of the extent and freedom of motion of the digits, to the 
fore-paws of the Kodonts. 

The new-born Kangaroo {Macropns ntnjor^ fig. 606), which I 
discovered in the j)Ouch a few hours after uterine gestation, 
006 measured oik* incli from the mouth to tlie 
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root of tlic tail, was quite naked, and covered 
by a thin semitransparent vascular inlegu- 
ment; the jdacc of attachment of the und)i- 
lical chord was obscurely indi(*ated In- a 
longitudinal limair cicatrix. The forc-lcgs 
were longer and stronger than the hind ones, 
and the digits were provided with claws ; 
the toes were developed on the hind-legs ; 
the body was l)ont forwaril ; and the short 


tail tucked in lietween the liind-legs. This little animal breathed 


strongly, but slowly: no direct act of sucking could be perceived. 
Such, after a gestation of thirty-eight days, is the condition of 


the new-born young of a speciesof Kangaroo, of wliicli the adult. 


when standing erect on his hind-feet and tail, can reach to the 
height of seven feet. 

it lias greater powers of action than the same sized embryo of 


the slieep ; but less tlian has the new-born young of tlic ml. 
For, although it is enabled by the muscular powers of the ‘ orbi- 
cularis oris,’ and those of tlu' prccociously-develojicd tongue, to 
grasp and adhere firmly to the nipple, it seems unable to draw all 
the needed sustenance therefrom unaided. And here the modified 


^ cremaster’ comes into jilay, being adapted to inject the milk into 
the small feelilo prcrnaturely-born creature’s mouth. One cannot 
suppose that its efforts at suction should always and exactly 
coincide with the motliei*’s act of injection. And wc find, in 
fact, jirovision for the required special relation of the larynx to 
the posterior narcs. ’ The epiglotlis and arytenoid cartilages arc 
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elongated and approximated, and the riina glottidis is thus 
situated at the apex of a cone- shaped larynx, hg. 604, e, which 
projects into tlie posterior nares, Avhere it is closely embraced by 
the muscles cyf the soft palate. The air-passage, 6, is thus com- 
pletely separated from tlie fau(‘cs, and the injected milk passes 
in a divided stream on cither side the laiynx to the msopliagus. 

Thus aided and protected by modifications of structure, both 
in the system of the mother and its owh, desigixid with especial 
reference to each other’s ])eciiliar condition, and affording, there- 
fore, the most irrefragable evidence of creative foresight, the 
small offspring of the Kangaroo conilniios to increase, from siis- 
tcuance exclusively derived from the mother, for a period of 
al)out eight months. During this period the hind-legs and tail 
assume a great part of their adult proportions; the muzzle elon- 
gates; the external ears and eyelids arc completed; the hair 
begins to he dcv(*loped at about the sixth numth. At the eighth 
inonlh the young Kangaroo may he seen frequently to protrude 
its head from the irioutli of tlic pouch, and to crop the gi-ass at 
the same time that the mother is browsing. Having thus 
ac(|iiired additional strength, it quits the pouch, and hops at first 
with a lechle and vacillating g'ait, hut continues to return to the 
povuh for occasional shelter and supplies of food till it lias at- 
tained the weight of ten pounds. After this it w ill occasionally 
insert its head for the purpose of sucking, notwithstanding 
another fetus may liave been deposited in the pouch; for the 
latter attaches itself to a different nipple from the one which had 
been used by its predecessor. 

Dr. Meigs ^ reckons the utero-gestation of a female DidelpJu/s 
Vinjlnianny bred in captivity, as extending from the 18tli 

I- ehruary to the 7tli March — a pcrital of seventeen days ’ — wdieu 
she brought forth thirteen young, w hich were found attached to as 
many niiiples. 4’he inammie began to enlarge four days prior to 
birth. On the 6th March she was ohserved to lay on her side 
>vith her nose turned iinvavd between her legs towards the belly, 
and took scarcely any notice of her keeper’s hand when intro- 
duced Into the box : the transit of the fetuses was probably in pre- 
paration or operatioi\ at tliis time. The young, observed on the 
7tli, and wdiich wau’C certainly not in the j)()ucli on the otii, and 
probably not until the night of the 6th, were naked, of a ros(5 

' In ji valuable nuunoiv on tli« lUpwaluction of tlie Opossum. 

Dr. liJirton cojuputcil tlu; utero-gestution of tbu Virginian Opi.^ssiim at tVam twenty- 
two lo iwonty-six days : his IVniale brouglp forth sovon yo\iijg an tlu> l?lst of i\I.ar«*h ; 

■'Hid had xJiortly hefore that tiino given suck to tlvoyiMing oiu's as farg«‘ as rats, uxxx', 
r>. , n - 
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tint, eacli grains in weight, and 8-lOths of an inch in length 
to the end of the tail : adhering strongly to the nipple, suck- 
ing actively, iiiul clinging to the fur by the unguiculate digits of 
their fore-iiinbs, which they used freely. One survived separation 
from the nipple one hour and twenty-nine minutes, turned itself 
over and moved round the glass in various directions : respiring 
by the nostrils lAventy-two times per minute, and ejecting bubbles 
of milk from mouth. I'lie hind-limbs were each a mere bud, 
with feeble indications of toes, without (daws. The tongue is very 
large — ^ the eutii’e weight of the head. The power of suction 
is siudi that the point of a pencil ajiplicd to the oval pore is hold 
so strongly that the young ran be partially lifted up by it. On 
]\rardi 14th the young weiglunl 12 grains, showing an increases 
of weiglit at the rate of 2o0 per cent, in seven days : it was now 
inch long. On March 18th the weight was 18 grains: the 
claws apjiearcd on the hind-toes : the testes had descanulcd into 
a large serotum. The eyelids were »still sealed, but mov ements 
of the eyeball were visible beneath the skiii. On ]M:iy 22nd 
Dr. ]\Ieigs found one of the young crawling on the body of llie 
dam; its weight was 42 graims; the eyes were open. This gave 
a term of marsupial gestation of 74 days. Hnt the young return 
to the jKUicdi for food and shelter until ncjur the time for reception 
of a succeeding litter. 

In ThylarinMH the pouch opens backward, or vent-ward, as in 
Perarndes ; and shows four nij>ples.^ In a fcinalc Avhich (*,arried 
there three young, each 1 foot in length from the snout to tlui 
end of the tail, the length of the ])Oucli was 8 imdies ; its aperture 
was 3 i inches wide, and the liag cxpandtal as it extended forward to 
a width of 6 inches. The teats w’ere 4 inches long. 44ie y(»ung 
'Nvere males : tlie testes had descended into a pendulous scrotum one 
inch in advance of the cloaca, from which tlui grooved but undivided 
])enis pnyected : the eyelids were closed, hut not adliercnt. The 
tongue presented a longitudinal rising, wdth a medial groove, the 
rising iitt('d into a depression on the roof of the mouth bouiuh^d 
1)y two, parallel, long and narrow palatal bones, recalling the con- 
dition of these bones in Suuria, In Mi/rmerohhts Mhe iemalc is 
destitute of a pouch and has, apparently, eight ruj)plcs, arrariged 
in a circle.' - 

liesides the natural and portalde nest, some Marsuj)ials (D/rW- 
Phasrounk^ Chmropus^ Peramehs) (‘onstruct artificial ones. 
Perameks mf/osurns^ e.g. ‘ makes a compact nest in a liollow of 
the ground, of grasses and other materials, wdiich assimilate closely 

* CCLXXXI". |). 118. 2 ( Ci.xxx". p. 391. 
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in colour and appearance to the surrounding herbage: the nest 
is generally inhabited by the pair, with three or four young, when 
these are so large as to quit the pouch. 

§ 415. In Lissenccphala, — The fertile and commonly multi- 
j)arous species of the Kodeiit order ha^ e corj esponding provision 
for the nourishment of the young In the number of nipples. A 
seeming exception is presented by the domesticated breed of 8. 
American Chivy, called ‘ Ciiiinca-pig.’ ’^riie j)voUli(; jiower of this 
vv(*ll-fed pet is proi crbial : they begin to breed at two months old, 
and gestation may be re])eated at intervals of two or three months. 
The first litter consists of* four, the second of five or six; and, 
as full maturity is gained by the mother, she may bring forth 
eight, ten, and even twelve young; and yet she has only two 
nijiples to serve them, turn and turn about. The teats are large 
and prominent, but lodged in a small shallow jiouch, one on each 
side of the hind jiart of the belly. The mammary glands, how- 
ever, attain a size more in accordance with the demands upon 
them : they anj not jieiulaut, like an udder, but Hat and spread 
over the abdomen. The wild original ( Carhi nperea^ Linn.) 
lu’ceds but once a year, and then has but oin* or two young, 
Dolirlioti.s has but two young. Eddyni/s a|>pcavs to have but 
two teats, p1a(*ed midway between fore and liiiul legs: Renngcr 
found two young in the nest at the boitoin of the burrow: they 
were blind The Pa(;a ( Cw/of/em/s), with commonly two young, 
has four teats; and this number is not surpassed in I.ayoatomus^ 
(rrrolahcs^ Krifkizon, CaprorntfS^ J/cIftw//s^ and 

some specries of Sciarus (Sc, pahnaram). In the liiscacha the 
anterior pair of teats is li inches behind the base of the fore- 
legs; the ])osterior jiair 2 iuehes lartlier back. In the prehensile 
J*orcnpine the hind nipple is midway betwiam tlie fore and hind 
log, the front nip))le midway between this and the base of the 
lore-leg. IJoth tliese species, the common and the Chin adiaii Por- 
cupines, have usually two at a birth. The mother Coppu nsnally 
carries her young 111)011 the back in lier frequent traverses of the 
river she frequents; her teats are easily reaehotl by tbe young so 
traiisiiorted, as they jiroject from the Hanks, nearer the back than 
the belly: the anterior pair are just beliind the shoulders: the 
posterior pair anterior to the haunches. The uiiiples are rather l(‘ss 
elevated than in the Cov])u,in IlifilvochccritSn which swims with tlie 
young on her back : they are also lateral in Laposfomus, Octotlou^ 
llahrocoma^ and Nelomya? lii Ovtodon the foremost nipple is 
inch behind tlic base of tbe fore-leg : the hindmost pair are 

* m.xxix". * cci.xxx". p. 299. 
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inguinal. In the 1>urro\ving Mole-rat the anterior nipple is on the 
inside of the base of the fore-leg, the posterior one at the middle 
of the inner side of the thigh. There are six teats in Bathyeryus^ 
eight in Loncheres^ Octodon^ and Dusojprovia^ ten in Myoxm^ 
andZ^/Jz/.s'; twelve in the Rat and Mouse : even fourteen are said 
to have been noted in the Agouti, but tliis is probal)Iy abnormal. 

Tim Insectivorous order yields tlie maximum number of* ni])|)les 
in the mammalwni <‘lassV as many as twenty-two having been 
observed in the tropical Hedgehog called Tenree {^Centxtes)^ and 
the number rarely falls below fourteen. In sueh multi|)lica- 
tiori of teats and hudeal glands they extend along the uraler 
surface of the body froiu the ])ectoral to the inguinal region ; 
and, in some Shrews {8ort\r crassicaudatas^ the last pair 
of teats projects from the under side of tl*o thick base of the 
tail. In the comnion lltHlgehog (.ZV/;/</cc/^s*) there are ten teats, 
three pairs tlioraeu* and two pairs abdominal, ranging from llu^ 
pectoral to the inguinal regions. The tbiri and flat inammarv 
glands seem to fonn a (‘ontiniKMis stratum. In Shrews an<l 
Moles the teats are from six to eight in number. In the volant 
Insectivora they are usually reduced to two, and are }K*(‘toral in 
position, whence Linmens was ]e<l to avail himself of this, with 
another outward genital cliaracler, to unite liats in the same 
order {PrunatcH) with Apes and Man. Hnt the Sloths have one 
pair of pectoral teats and mammary glands. Many Armadillo‘s, 
likewise, have two [)Cctoral teats; to whieh, in a few kinds 
(Z>. norem-cinctus, o.g.), a j)air of inguinal teats are added. The 
two-toed Anteatcr has two jieetoral and two ventral teats, Th(‘ 
great Anteater { Alyrnwcojihaya j uha fa) is limited to two jmetoral 
inaimna?. The young animal remains with the mother for the 
space of a year, and is carried on her back. In a species of 
Phyllostoma 1 have seen two [)ubic as well as two pectoral teats. 
The latter in all hats are almost laterally j)laced, and in Ptcropva 
are axillary : the nipple wlieJi in use liccomes long, e.oinpressed, 
and sub-pedunculate. The Colugo {(jlahurpithccus vofans) has two 
nipples in each ann-j)it : they become large during nuilernity, for 
the young cling long to them. 

Among lAasmcephala the Rodents are most remarkable for 
nidifieatory instincts. The little Harvest-mouse {Alns viessoriua) 
builds a round nest, lik<.* a Tit’s, an<l attaches it, high up from 
the ground, to the stems of full grown rye, barley, or other cereal. 
The nest ol the Marsh Hare (Lepus paluntris) is formed of a 
large kind of rush {Juncua ejfasus), cut into pieces about a foot 
in length, and is m-ched over; tlie foundation of* the nest is 
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usually a tussock surroiinJed by water, like a lake-dwelling: the 
number of young is from four to seven. 

§ 416. In Mutilata . — In Cetacea the mammary glands, two in 
number, arc oblong, narrow, flat bodies, lying between the dermal 
and abdominal muscles, with the subcutaneous blubber between 
them and the skin. The requisite mass of glandular substance 
at the suckling season is obtained by liorizontal extent, not by 
thickness, so that they do not project, or interfcr« with the requi- 
site shape of the natatory animal. Each gland lias a principal duct 
running in the middle through the whole length of the gland, and 
coLlecting the smaller lateral ducts, which are made Uf) of the still 
smaller ones. ^ Some of these lateral branches ent(^r the eommon 
tniuk in the direction of tlic milk’s passage, others in the contrary 
direidion, especrlallv those, nearest to the termination of the trunk 
ill the nipple. The trunk is 
large, and ajiiiears to serve as 
a r(*serv'oir h)r the milk:’* It is 
(^ontinned from tlic hinder end 
of the gland, and terminates in 
a nip|)lc concealed in a (*lel‘t, (ig. 

()08, c, one on each side of the 
vidva, ^/, and toward the vent,J. 

007 


Miiiiitnrii y cltTi dil.-iti'il, (hi! nippl 

■'udI ii.s nrifli'i' s I’l.’ipoifii’. n". 

The lateral jiorlions of the cleft are composed of parts looser in 
texture tliaii the coniniou skin, which is jirobably to admit of the 
elongation or jirojection of the nipple. On (he outside of this 
there is another small fissure, which gives greater facility to the 
moveineuts of all these purls. 

The nipple itself’, shown by dilating the mammary fossa in 
fig. 607, is perlcirated by numerous lacteal ducts. Hunter thus 
idhidcs to the unusual circumstances under which the act of 




IVisilitiii uf niamirjrwy I'U rts, Cnrpoi.si'. 
CVLXXXIM". 
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sucking must bo performed in the present aquatic mammals : — 
‘ As eitlior the motlicr or young one will be prevented from 
breathing at the time^ their Tiostrils being in opposite directions, 
therefore the nose of one must l)C under w^atcr, and tlie time of 
sucking can only be between each resi>iration/ The considerable 
lacteal reservoir, and the quality of milk it contains,* relate to this 
dihiculty. 

Some stress Ims been faid on the assistance which the muscles 
in contact Avith the inaimnary gland might aftbrd by comjwessing 
the gland and ejecting the milk accumulated in the dilated recep- 
tacle ; ‘ but/ as I remarked in cxlfa'''. p. ol)4, Avhen avc consider 
hoAV gr(‘at tlic jn'cssure of the surrounding Avator must be upon 
the CN tended surface of the inaimnary gland, avc may readily con- 
ceive that Avlicn the ni])[)le is grasped by the mouth of* the young, 
and the pressure reniovod from it by the retraction of the tongue, 
the milk Avill 1)0 expelled in a copious stream hy means of the 
surrounding pressure alone, independently of muscular aid.’ 

In Sii'cnia the mammary glands, also a Jiair, are jiectoral in 
position; tlie teats are prominent and conspicuous at the suckling 
season, -file motlier lias been seen holding her young to tlie 
breast, Avitli one flijqjcr, and maintaining both her own and her 
offspring’s nostrils above Avatcr. The resemblance to a black 
Avoinan and child lias attra<;ted attention, and the aj>pearaiice of 
the tail-fill as she dived, lias served to ])cr|)cliiate the seaman’s 
faith in the ^ mermaid.’ 

§ 417. In l - Hlephant resenddes the Dugong in 

llie numi>cr and ])osition of the mammary glands and teats, Avhich 
])roject IietAveen the fore-legs. Tin*, young animal compresses the 
gland with its proboscis as its sucks. 

In the uniinpregimted Ithinoceros the mammary glands, Iaa'o in 
number, form a thin layer ex[>:uiding forwards beneath the ab- 
<loniinal integument, betwTxui the dermal and abdominal muscles. 
The nipples are two in number and inguinal, are situated 14 
inches in advance (d* the vulva, and 2h inches apart from one 
another. They arc subcompressed, obtusely rounded at the 
extnmiity, and about 2 indies in length: about a ilozeii lacti- 
ferous ducts 0|>eii upon the somcAvhat flattened summit of each 
nipple. 

In the Mare and Ass tlio mammary glands, tAvo in number, arc 
situated between the thighs at a distance of about 9 indies in 

’ ‘ Th« milk is prol-nklv vcjy rii-h ; for in tliat ranKlit Jioar Ucrk^loy wilh its yoniif; 
ono, tho milk, Avhit'h was Insird hy Mr. Ji inn r, ainl Mr. Linllow, suv|r(*on, at Sodbury, 
Avas rii'b lik«‘ cow's milk to wliidi ^‘rcaiii bad been added,’ xciv. p. 'i02. 
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front of the vulva. The nipples project, one on each side of the 
mesial line, an inch and a half apart, near the base of the ‘ pre- 
piitiuin clitoridis ; ’ the lactiferous ducts open, above the base of 
the nipj)le, Into a large reservoir, which is divided by an internal 
septum into two chambers, one situated in iront, and the other 
behind; from each chamber a separate duct is derived, whicli 
passes along the nipjde as lar as its extremity, where it termi- 
nates. The orifices are one behind the* other, about a line apart. 
The rudimcntal ni|)ples, in the male EquidiC^ ' arc concealed 
nitliin the prominent annular preputial fold of integument, and 
long csca|)ed observation.' 

The Ta])ir has two inguinal nipples. The smaller and more 
prolific rerissodactyle, llijraXy has four teats, all inguinal in 
position.^ 

In tlie Hippopotamus the twa^ teats arc inguinal, small, and 
round in the virgin lemale. The Peccari has four teats, two 
ventral, two inguinal. The Wart-hog (^Phacochfprus) has six 
nipples; two ingyinal, four ventral: the \A'ater-liog {^Pofamo'^ 
rluerus) has eight nipples, and such is sometimes the numlier in 
the Avild Sow ; but m the domestic l)rccds the nipples are seldom 
1)clow ten in niim!)er, distributed from the pectoral to the inguinal 
region. 

All ruminants have the mammary glands compacted into a 
roundish mass, moi'c or less penduloiis avIkmi in full function; 
divisible into two glands, each remarkable for its large lacteal 
reservoir, from Avliicli the milk is conveyed to either one pair or 
two pairs of teats ; these, when in use, are so elongated as to 
have received the s])ecial name of ^udders;’ they are always 
inguinal in position, are hollow and have a contracted tubular 
terminal aperture. 

Mo.srhidw, Ovid(P.j many Antelopes, including the Oazelles, 
Ibibalines, Avitli liuhahs moschatus^ have but two teats, An^ 
tilope davui, A. strfqKsict'ros, A, Oreus, and tlieir allies have 
four teats. All Cervidcp, from the great Elk to the little lloe, 
have four teats : as have also the Camels, C'amelopard, and all 
llovines. In some of our domestic cows a supernumerary pair 
is occasionally developed. Ibdund ea(*li teat, in the Gazelle, 
there is a pouch of skin, opening forward, about seven lines in 

' Solidunf/ula mascula mammaa non hahmt, llai. Synops. method. Aiiiin. cjiiad. 
p. (J-i, 

* ScjiiiKHKR found only this number in Ilfpw ns did EiiHi^xnKUfi in //. 

1^7/ricfaifi. Dksmakkst adds a pectoral pair, but this needs contirnuitiou. 
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depth, reminding one of the pair of marsupi«a in Echidna^ save 
that the milk eseapes in front of, and not into, the pouches. 

§ 418. In Carnivora. — In the Seal-tribe, including the Walrus, 
the nuinber of teats docs not exceed four. In the Otters 
{Enhi/dra, Lutra) only two teats have been observed, ventral in 
j>osition. Tlie Muatelidoi have from four to six ventral teats. 
Six is the common number in Ursidw, two being pectoral and four 
ventral. In Cer^-olrptes 1 found but two ventral teats. Vrocyou^ 
Meles^ la.vidia, xVw.swn, have six ; Ailnrus has eight teats. The 
palm-cats ( and Ichneumons (Ilei-prstea) haxc four 
ventral teats. They seem not to exceed that number in the Ilyic- 
nas ; but in the Civets two pectoral nipples are sometimes added to 
the four ventral ones. The felines have usually six nipples, four 
ventral, and two })ectoral ; but in the domestic cat eight have 
been seen. The Canlda\ wolf, dog, jackall, fox, liave usually 
eight teats. 

§ 419. In Quadrurnan(f.--\\\ the Aye-aye (Cliirowys) there is 
but one pair of nipples, situated about an inch and a half in ad- 
vance of the vulva, and one inch apart: they are .sub-elongat(*, 
obtuse, with about a dozen terminal lacteal pores. To simh a 
pair of inguinal ui])ples some f.rmnridai [StrnopHy Tarsins^ MlvrO’- 
t‘. g.) add a pectoral jaiir; while in OtvUenuH and some 
kinds of Maki {Lemur eatta^ pairs of pectoral nipples 

have been foinul. 

In jdatyrhine and (^atarhim*. Qua dr uni ana the mammary glands 
and nipples are rostric’ted, as a rule, to a single pair, and 
to the pectoral region. In the ordinary quadrupedal progres- 
sion, tlie young, with its belly applied to that of the mother, 
clings back downward, by the fore and hind feet to lier ilaid^s, 
holding on bv tliO mouth to the teat between her fore-logs. In 
the seated posture the mother ape holds her young to the nipple 
by the fore-lirnbs, in a very human fashion. I'he integument 
covering the marnmary gland is not ])rotriuled by its enlarge- 
ment in tlie form of a hemispheroid ^ breast : ’ it is c<A'ered with 
hair, like the rest of the body, becomes conural and pendulous, 
with much elojigatioii of the nipple, as the su(!kling period is 
prolongtMl. In an Orang-utan {Pitkeeiis satyrus)^ I have ob- 
served an acccssoiy nijiple on the left side, belo>v the normal 
one and of smaller size." From ten to twelve lacteal ducts open 
upon the apex of the normal nipple in the Orang. Around the 
base of the nipple open the orifices of sebaceous ducts. 

§ 420, 111 Binmna tlie inaTninary glands, two in number, are 

‘ XX. vul. V. p. 20S. no. :i77oA. - Ibid. n. 
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subdepressed circular bodies, thicker at the middh? than at the 
circuruferenee, which, with the CAUinected sclerous, areolar, and 
adipose lissiies, raise the pectoral integument, at ])ul)crtv, in 
the form of two large hemispheres or ‘ breasts ; ’ and, from a 
little below the centre or a])ex of each, ])ro- 
jects the Miipplc,’ The base of the ‘ breast’ 
corresponds to the interval between the third 
and the sixth or .seventh ribs. The gland is of 
a firm texture and j)ale reddish colour: the 
secerning follicles, when injected with mer- 
cuiTj are just visible to the naked eye. Mag- 
nified four times, they present the appearance 
shown in fig. 009. They arc aggregated in 
clusters or ‘ glandules ' of dilFerent sizes, s\is- .vri;ins' fon.ri.s m 
pended l)y the duct j*e.sulting from tlie union 
of those of the f(dli<‘les. The sliort or stem- f.ni'ri'i'm'r 

duets open into a wide eanal, and these, fig. 

010, (\(l, hy sueeessive unions, forni dilated reservoirs of a coni- 
cal form, ib. />, from the ajuees of which arc conlinucd the 






ri'tm ii Cooi'criaii inTiwiraf ion (if iiarts »if Hu- nuniiii manMUJiry ftlaiiU, injiu-trd from six liTiniiial ducts, 
(t, «, and dried, rrt.xxxiv". 


‘ straight ducts,’ a, a, of the iiijiple. The gland is enclosed in a 
selerous capsule, hg. Oil, a, a, firmest where it is attached to the 
derm, whence are continued processes into the substance of the 
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glaiul sul)divi(ling it, or defining its lobes ; and which, from their 
connection with tlie tegument, arc called ‘ suspensory ’ ligaments. 
Finer processes connect tlie ojiposite surface or base of the gland 

GH 



Froui (’iK.prvInn i.n'P^r.ifitin ..f the* srlrnoiH framework ami attnrhmcnts of rlir Human npiimuary glamJ. 
A ni istir is d ?oTm* oC rhe strals'lit or tin-iiilual lartifcruiis duels, cu.xxxiv". 


with the fascia of the pia'toral muscle, b. 'The nipple in tlie 
virgin is a rounded cone and nearly smooth ; at sixteen years 
it is slightly wrinkled : at seventeen it has small papllhe upon 
its surface ; from twenty to forty years the jiapilhe are large ; 

from forty to fifty the ni[)- 
]ile becomes wrinkled; from 
fifty to sixty the nipple is 
elongated ; and in old ago 
it usually has a warty ap- 
])earance. Wlieri in use 
its extremity expands ami 
shows the circularly dis- 
])Oscd conspicuous pores of 
the lacteal ducts. The pa- 
pilhc of the nipple, fig. 612 , 
arc directed toward its ajiex. 
'Jlie coloured jxirtion of 
skin around the base of the 
nipple is the ‘areola:’ it 
expands and changes from 
a reddish colour to a dark 
brown, after impregnation. Around the base of the nipple are 
orifices of comiilcx sebaceous glands. The skin of the areola is 
covered with papilhc, like those of the nipple, but of smaller size; 
they arc disposed in circles, directed toward the nipple,, so tliat 


G12 



Soii.sUiv'e p.ipiiiii- lif flu- Jintii.'iu nl|>i>lc;imJ airol.i; ual. 
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they also are opposed to tlie papilUe of the lips of the child : being 
highly vascular and nervous, tliey yield, when so grasped, a sen- 
sation w’hich is followed by erection of the nij)[>le through a 
fitting arrangement of its vascular tissue. The homotypal gland, 
ill the male, varies from four lines to two inches in diameter. 
Astley Coopi'Mi succeeded 
in demonstrating its conform- 
able structure to the func- 
tional gland in the female : 
fig. 61vl is taken from his 
])rej)arati()n. U nder special 
circumstances and stimuli 
such gland may be devedoped 
so as to afford sustxmaJicc to 
the iiifant, of which more than one (‘ase has b(‘en recorded. 

The chief varieties in the female niammary organs relate to 
])rolongod periods of lactation, as in those inferior races in whom 
the dugs become so extended as to jierniit the nit)ple to be thrown 
over the slionlder* to the child carried on the niotlier’s bairk. 
CiiviEK noted an unusual breadth of the mammary areola in the 
‘ Hottentot; Venus.’ ^ 

Anomalies of supernumerary nipples and glands are rare." 

On a retrospect of the com[)arative anatomy of the maimnary 
organs we see that the modifications of these jxirsistent tributaries 
to the growth of the young mammal serve as little to charac- 
terise groups as do the deoiduons nutritive organs at tlic uterine 
period of life. A pair of jiectoral inammte would associate to- 
gether as heterogeneous an assemblage of siiecies as does the dif- 
fused, or even the discoid, j)hicenta. We may, however, discern 
in part, the uses of mammary modificutious ; Avhilst the teleological 
relations of a zonular, a cotyloid, or a cofyledonal afterbirth can, 
at host, be but very vaguely guessed at. 

§ 421. Adipose snbstaffees, — I’hese are common to all orga- 
nisms, j)rotozoa, phiiits, animals,'* In Mammalia they exist 

* crr.xxxv". 

^ In the insjtMneo iiarratecl iti cci.xxxvi". the seooral ou caeh side was oner 

•'•hxth the size of tho noiMiial one, ami sitiialeil near the anteiior margin of the axilla. 
^Mien gently pressed, a milky lhii<l Howed from several duets oi'cning upon its 
fxiremity. Wlieii milk was drawn from thi? normal hreasts. a small (juanrity usuallv' 
‘ seiipcd (pom the snponiddeil nipples, hut: their flatness jireveiitcd the mother suelding 
I'-er ehildrmi hy tliem. 

* IUjntkk, who sometimes elotlu-d l\js far-ivaehing thonglits in paradoxical language, 
Writes: — ‘ I'at is no part of an animal: for first, it is not animal sul)staiK‘e ; secondly, 

animal is tho same without it as with it,— it is to he considered as an adveiititions 
ttiattor; and thirdly, it is found both in vegetables and minerals, ami, therefore, is a 
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under conditions Avhich vary in Ihe degree of temperature re- 
quired for congelation, as ‘ oil,’ ^ marrow,’ ‘ lard,’ ‘ spermaceti; 
‘ suet.’ The most solid fats Avhen subject to {)ressurc afford 
some fluid oil, termed ^ elaine,’ and when the fluid fats arc cooled 
to about 32° they deposit a concrete clement called ^ stearine ; ’ 
the temperatures of congelation indicate the varying proj)ortions 
of elaine and stearine. Whether or not it be in relation to the 
degree of cold tp which the hoofs of some ruminants are subject, 
in traversing the snows of arctic climes, the oil called ‘ neat’s 
foot’ owes its use in the arts to its maintaining its fluidity below 
the freezing point. Bliil)ber-oil, which becomes lardy at 45° or 
50°Fahr., and is fluid above 55°, most abounds in the thick 
subcutaneous tissue of the Cetacea. The fat of tlic bog-tribe, 
borse-tril)e, most Carnlvuray Quatfriirnana^ and 

liimann. is in the state ol*‘ lard.’ Jt exists as suet and tallow in 
Kuminants. >S])ermaceti is peculiar to the (’achalot whales 
( Flu/mctcry .Knplff/sctc,^). 

Some llodents. the Hare, e.g., show little or no fat; l>ut it 
oecavsionally accnmnlates in the tame Kabhit. * In many Rodents 
it is limited to the abdominal cavity and its special peritoneal 
])rocesses. In tlie 8eal-tribc and AV'halo-tribe, on tlie contrary, 
there is no fat in the abdomen, or in the mesenteric or ouu‘ntal 
duplicaturcs of tlie lining membrane. The suI)cutaueoiis an'olar 
tissue to which it is limited in these aciuatii; mammals has a 
coarser reticulate structure in the Seals, the Grampus, and Hahe- 
licptera, than in the Porpoise, Sperm-whale, and Jialwna. In all 
Cetacea the containing tissue is finer iqion the trunk, and coars(‘r 
toward the tail. Fat is snbentaneoiis in tlie Hog and luiman siih- 
ject, but is also present in the great serous ca v ities, intermuseular 
vspares and joints, in variable degrees. 

Fat is to tlie adult what milk is to the young — a source of 
iKuirishment when no other is available, ( -ertain Bovines of the 
tropics, where during the rainy season luxuriant grasses abound 
on j)lains ]>arehed nji in the dry season, aecumnlate fat and other 
assimilable substances in a dorsal bump at the jieriod of plenty, 
and absorb its contents during that of drought. The Camels, 
when their food abounds, store up similar suiicrabundant nutritious 
matters in one {C. dromcdarlns) or two \ C. hactrianns) larger 
Jjunijis: whereby they arc able to endure iinasual lasts by rc- 

substance cornruon to rvory classy of muttor.* xx. vol. iii. p. 200. The ternary eoiii- 
pounds of earboii, hydrog*‘n, and oxypjen, diseovured in tin* condition of petroleimi and 
its allies, in mineral strata, are su.specUHl, with good reason, to liave originated m 
orjraiiic bodies. 
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absorbing those accumulations ; concluding their journeys across 
the desert with the special stores of fat much reduced. Simi- 
larly, in other Mammals, when the digestive function and ap- 
petite are in abeyance, as in disease, or when food is withheld 
or scarce, the general fat is absorbed ‘ to su|>port tlie actions of 
the machine.’' Hence the need of accumulations of this nutritive 
material in torpid mammals prior to their falling into that state, 
ns in Marmots, Hedgehogs, &c. The siibcutan«!Ous fat, wliicli 
forms a thick layer in October, becomes thin in March, yet 
remains alter the fat of the abdomen, mesentery, and about the 
kidneys has quite disappeared; suggesting, as Jonner rtMuarks, 
that the external fat also serves as a defence against cold.-* The. 
subcutaneous wrap of blubber in the naked Cetacea, serves as the 
non-conductor of heat, in place of hair. 

In Phf/seter portions of spermaceti occur in the general subcu- 
taneous blubber, but the main bulk is stored in the vast supra- 
cranial basin, in cells of artiolar tissue, strengthened by aj)oneu- 
rotic partitions, T|ie imrest spermaceti lies in the smallest and 
most delicate cells: it is the stearic constituent in cxce.ss which 
crystallises on cooling. T\n* economic purposes tiiese masses are 
separated by })rcssure in woollen bags jVom the ehiine, then 
washed with a weak solution of caustic ])otasli, melted in boiling 
water, and strained, T'hus prepared for commerce sjierinaceti 
appears as semi-transparent l)rittlc masses of a foliate fracture, 
soapy to the touch, with a slight odour and greasy taste : its 
specific gravity is •943 ; it fuses at about 114"' ; the purified cry- 
stalline scales deposited from a solution in boiling alcoliol, form 
‘ cetine.’ From the blubher of species of Delphi a ns a peculiar 
fatty principle called ^ phoceniue ’ is obtained. The characteristic 
colour of goats’ fat is associated with a principle called ‘ hircin.’ 

With ordinary stcavinc a variable proportion of ‘ margarine ’ 
is always combined, and both these and • elaine ’ arc compounds 
of a distinct fatty acid with the sweet principle called •glycerine.’ 


XX. vol. iii. j>. 213. 


* Ib. j). 21G. 
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CHAPTER XL. 

. CONCLUSIONS. 

§ 422. lUoloffival Questions <^'1830, — At tlie close of my studies 
at the Jardin desPlantcs, Paris, in 1831, I returned stronoly 
moved to lines of research bearing upon the then prevailing 
phases of thought on some general biological questions. 

Tlic great IMaster in whose dissecting-rooms, as well as in the 
public galleries of Comparative Anatomy, I was privileged to 
work, held that ‘ species were not permanent:’ and taught tins 
great and fruitful truth, not doubtfully or hypothetically, but as 
a fact established inductively on a wide and well-laid basis of 
observation, by which, indeed, among other acquisitions to science, 
Comparative Osteology had been created. Camper ‘ and Hunter ^ 
suspected that species might be transitory; but Cuvier, in de- 
fining the characters of his Anoplotherium and PaUeothermm, 
&c., proved the fact. 

In this truly scientific labour the law of the subordination of 
the different organic cliaracters to the condition of the whole 
animal was first appreciated, clearly enunciated, and its applica- 
tion slunvii to the reconsti'iiction of lost species from fragmentarv 
remains. The iin})ortance of this generalisation may be paralleled 
with that of tlu? principle of equivalents in chemical science. 

Of the relations of past to prescjit species, and the conditions 
of their succession, Cuvier had not an adequate basis for a de- 
cided opinion. ()l)servation of changes in the relative j)osition of 
land and sea suggested to him one condition of the advent of 
new species on an island or continent where old species had died 
out. Tins view he illustrates ])y a hypothetical case of such 
succession,^ hut expressly states:— STe no pretends pas qu’il ait 
fallu une creation nouvclle pour produire les especes aujourd’lmi 
existantes, jo dis seuleinent qu’ellcs n’existoient pas dans les 
memos lleux, et qu’elles out du y venir d ailleurs.’ * 

Geoffroy Saint-IIilaire, whose disciiKSsions with his colleague in 
the ‘ Academie des Sciences’ made its annals of 1830 memorable, 

* ccxcii". * ccxcni". and other ftnthors cited in cxxxix, ]>. xJv. 

* cxxxix. tom. i. Ixiii. * Ib. 
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equally rejecting the idea of new creations,* opposed to Cuvier’s 
inductive treatment of the question the following cxj^ression of 
belief: — *Je lie doute pas que les anirnaux vlvants aujonnrhui 
ne proviennent, par une suite de gemu'ations, (.*t sans interrupt i(MK 
dcs anirnaux perd us du monde antediluvien.’^ l>iit with regani 
to the demonstration of tlie proposition, of the truth of whicl* lie 
could not entertain a doubt, Gcotfroy Saint-llilaire expressly 
states: — ^ Jc crois que les temps d’un savoir ve^itablejnont satis- 
faisant en geologic ne sont pas encore venus.’ 

The main collateral questions argued in these debates, to some 
of wliich 1 listened, and to all the reports and consequent pam[)h« 
lets relating thereto devoted intense attention, appeared to me to 
be the following: — 

[jnity of Plan or Final purpose, as a governing condition of 
organic development? 

Scries of species, uninterrupted or broken by Intervals? 

Extinction, cataclysmal or regulated ? 

Development, by epigenesis or evolution? 

Primary life, by miracle or secamdary law? 

On returning home and resuming ofKce Avith addifional duties 
at the lioyal College of Surgeons, I was guided in all my work 
Avith the hope or endeavour to gain iiidiictive gi*ouiid i*or conclu- 
sions on these great questions. 

§423. Ihmoloffj/ or Teleology? — Cuvier hold the Avork of 
organisation to be guided and governed by final purpose, or adaj> 
tation, exj)ounding this principle under the terms ‘ conditions of 
existence ’ and ^‘oiTclations of structure.’ GeofiVoy denied the 
evidence of design, and protested against the deduction of a 
purjK)se as, e. g., from the coexistence of a valve Avith a definite 
course of fluid: he contended for the principle Avhich he called 
Smite do composition,’ as the law of organisation. ISfost of his 
illustrations Avcrc open to the demonstration of inaecnraev, and 
his arguments to the refutation which they received IVom Cuvier 
in the debates in question: the logic, and, as it seemed, the 
facts, Averc on tbc side of teleology. The figurative language, 
moreover, in Avliicli contemporary anatomists had expressed their 
views of a principle akin to Geoffroy’s Avas ill-calculated to enlist 
supporters. The expressions by AvhIch disciples of the school 

* ‘Or, cette proposition, dejn. ronfcrairo anx plus aiioioniios donnoos histori(iut‘s, 
rq)\i|jrno autant anx hiniit*i’»'s de la raison nalurclle qu’anx s]H'ouhu.it»us plus 
reflechics des sciences pliysiqiuis.* — cci.xxxvii". p. 210. 

® Also, Ttioro decisively: — ‘Les anirnaux pordus sont, par A'oie non inUrrompuo de 
Ken(^rations ot de modifications successive^, les ancetres des anirnaux du inonde actuol.’ 

CC1.X.XXVU". p. 208. 


3 F. 2 
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of S(?helllTig illustrated, in the animal structures, the trans- 
cendental idea of " the repetition of the whole in every part,’ 
operated disadvantageously to the calm enquiry into the prime 
question at issue. To Citvicr this language seemed little better 
than mystical jargon, and he alluded to it with transparent con- 
temptJ When he did extend inferences from coin[)arative ana- 
tomy beyond the adaptation of structure to function, Cuvier 
went not beyoiul a recognition of what I have since termed 
‘ special homologies’: - and this lowest degree of corresp()riden<*e 
he explained on the ground of the subserviency of such homolo- 
gous jiarts to similar ends in dilferent animals;^ viewing them, in 
fact, in that relation which 1 express and contrast by the term 
‘ analogies.’ ^ ^^dth Cuvier answerable parts occurred in the zoo- 
logical scale because they Inul to perform similar fuiu'tions. 

Alost of my fellow^-studcnts at the (iarden of Plants, in 1SI50, 
and some subscMiuent fellow-labourers, .lobanncs Miillcr, Kud. 
AV'agncr, Milne-Kdwards, Agassiz, implicitly accepted this ex- 
planation of the fact of answerable bones and other parts oc- 
curring in different species. 

After the pul)Iication of the ‘ JMemoir on the Pearly Nautilus,’ 
and of those on Monotrematons and Marsupial generation, which 
subjects Cuvier bad strongly recommended to my attention, the 
question of the condition or law of s|)ecial homologies pressed Itself 
upon mo, more cspocially in connection with the task of arranging 
and cataloguing the osteological part of the Ilnnteriau Museum. ’ 
As my observations and couq)arisons aecunmlatcd, with 
passu tests of observed phenomena of ostcog(my, they enforced a 
reconsideration of Cuvier’s conclusions to wbicli I had previously 
yielded assent. I’o demonstrate the evidence of the coinrnunity 
of organisiith)!!, I found that tlic artifice of an archetype verte- 
brate animal was as essential as that of the archotyiie plant had 
beoi to Goetlic in expressing analogous ideas ; and as the like 
reference to an ‘ideal type’ must be to all who undertake to 
make intelligiljle the Ginity in variety ’ pervading any group ol 

^ ‘Quant a M. Okoii, il ]<’'S p'uVos en (jueKtiou los parlios {kviillousos 

t^^mponiux, on, solon son laugago tnystiqno, “I:i fourclu'tlo dii nnuntro 
la Itto.*’— Cct hiinu''rus <1^^ )a tete ilo M. Okon deviont pour M. S[)ix lo pubis do I’oltc* 
Tncnio on, ],our parb-r iin lari{:(a^e intolligiblo, un <1 (‘h o.’-.sobts de Touif, savoir lo 

inartcau.’- cxxxix. torn. v. 2” pavti<-, p. 85. 

^ CXL. p. 7. 

•'* ‘ Cu n’ost qu'ui) [Ji’infipt* suljordonne a iiii aurro ]>icni plus olovo otbioii plus fooond, 
a celui dos conditions d'»;xisteiice, de la conveminco des p.‘ir1;ios, de lour coordination 
pour le role quo raninral doit joucr duns la nature. Voila le vrai princlpo pliiloso- 
phiquo d’ou decoulerit; hi possibilite de certaiues ressornblanccs/ — cx’xciv''. p. 9. 

* CXL. p. 7. * XLIV. 
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organisms^ From tho demonstration of this principle, wliicli I 
then satisfied myself was associated with and dominated by that 
oi* ‘ ada{)tation to purpose,’ the step was plain — to me inevitable — 
to the conception of the operation of a secondary cause of the 
entire series of species, whether of plants, or vertebrates, or other 
groups of organisms, such cause being the servant of j^fedeter- 
mining intelligent WilL*** 

l>iit, beshles ‘ derivation ’ or ^ fdiatioh,’ another principle in- 
fluencing organisation became recognisable in the course of studies 
and resean'hes on Invertebrate animals. To this jirineiple, as 
more especially antagonistic to the tiicological idea, I gave the 
name of ‘irrelative repetition;’ sometimes also, as it ])revailed 
in(>st in plants and zoopliytes, t)f ‘ vegetative vepetithui.’ ^ The 
demonstrated constitution of the vertebrate endoskcleton, as a 
series of essentially similar segments, out of Avbieli, as corollary, 
came the j)owcr of oimnciating not only ‘special’ but ‘general’ 
and ‘serial’ bonnilogies, apj>cared to me to illustrate also tlie law 
of Irrelative repetition. The recurrence of similar segments in 
the s|)inal column and of similar elements in a vertcdiral segment, 
struck me as analogous to the repetition of similar (rrystals as the 
result of polarizing force in the growth of an inorganic body.'* 

Accordingly, these results of extensive, patient, and nnl)iassed 
indn(‘ti> e jesoareli-- or, if tlicre were a I>ias, it was toAvard 
Cuvier- swayed Avitli me in rejecting the principle of direct or 
niiraeulon.s creation, and in recognising a ‘natural law or secon- 
dary cause’ as operative in the production of speeicvS ‘ in orderly 
succession and progression.’'’^ 

§ 42 1. Shcccsswu <)/‘ SpreieSy hrohen or Unhrd tlie hypo- 

thesis that existing arc modifications of extinct species Cuvier re- 
plied, that, in t‘very mooted form of transmutation, the species 
Avere imule to alter by small degrees, and that, therefore, traces of 
sueli gradual modifications were duo from the fossil world : — ‘ You 
ought,’ he said, ‘ to 1)0 able to show, e. g., the intermediate forms 
between the Paheothcrium and existing hoofed quadrupeds.’*’ 

* Sui*li ‘ idrjil iinisii iiot l>o i*<>ijf<.)undod with the so-callod ‘types’ supposed 

to he exempli lied hy oertaiii living species. Arguments ugsiinst the latter vague and 
ill-dt'finod ideas t\rv of no weight against the lornu r, and indicato ti certain ohtusc- 
nt's.s of apprelieiision in the objector. JSee (X’cxxvi '. p. 81. 

* cxi.i. (1H49) p. SC^. 

® eexMx. p. Gil (1813); andvol. i. rrcface, p. ix. 

^ c;xL. p. 171. * cxi.r. loc. cit. 

* ‘ t-epondiint on pout lour repondro, dims leur propro systeme, ipie si Jes especes ont 
change, par de.gres, on devroit trouver dcs truces do ce.s inoditlcations gruduelles; 
tjw’cntro le palaiotheriiMu et les es^j^ces d’anjourdiuii Ton devroit dt?couvrir quolques 
tormes inlernukliaircB, et quo jusqu’a present cela n’est point arriv^.* — cx^cxit- 

i. p. Ivii. 
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The progress of Palueontology since 1830 has brought to light 
many missing links unknown to the founder of the science. My 
own share in the labour led me, after a few years’ research, to 
discern what I believed, and still hold, to be a tendency to a more 
generalised, or less specialised, organisation as species recede in 
date of*cxistenco from the present time.* Even instances which 
to some have appeared to oj)pose the rule, really exemplify it. 
The little mai‘.sU(j>ial carnivore, e. g., of the Purbeck beds, Fla- 
(jlau/ax (p. 294, fig. 234), retained the typical numbers of premo- 
lars (p. 1-4), all of them being carnassials: the more modified 
])H()ceiie Thi/lacoleo had them reduced to the last (/;. 4, fig, 233). 
So likewise in the later placental Caniivora, the eocene form 
iljjamofion^ fig. 2G(i, had the typical number of teeth, the three 
true molars here showing the earnassial form: in the existing 
Tlyicna and Felines the carnassials arc reduced to, or eoncciitrated 
in, a single molar. The oolitic FhaHcolotherlum^ with the typical 
marsn|)ial number of teeth, shows less differentiation in their form 
than in modern Opossums and Dasyures: the oolitic Ampliltheriu 
and l^tlaathvrla manifest an earlier and more generalised type 
of dcntitioji in the great number and similarity of character of 
tlieir small molars, Both /Inoploiheriian and Falmotherinm^ witli 
the majority of eocene ])lacental Mammals, had the type-dentition 
of diphyoilonts.'^ 

Tlie two notable examples of Cuvier’s |)()wers of restoratio!», 
viewed as Pachy<lcnns, must have seemed widely different from 
any of the existiiig sjx'cies of the order, and were so deemed. 
Tlie Anoplothf’vhtiii nnn'c especially, among its singular peculiari- 
ties, unex])e<4edly exeinpliiiod one dental character, previously 
known only in the human suhjeot. These seeming anomalies, 
liowever, lost niiich of their import as evidence of insulated fbnn, 
or special creation, when they came to be viewed by the light of 
the law of the *• more g<‘neralised character of extinct species.’ 
Such law in its application to AnopUdlurium also exemplifies the 
analogy between the earlier s{)ecies of a class and the earlier 
stages of a fVi4.us. Wlien, for example, the divided metapodials, 
tljo persistent n[>pev incisors, and the honilcss cranium of the 
Anoplotherc were recognised as retentions of ^ fetal peculiarities’ 

^ rcxr.TX. ISP,, pp. 129, inO; Ed. pp. 223, 332, 312. CJ.xxx. and xvn'. 
pp 1, 301, pasmlui. Ai^af-siz hnd bi.cni ?;t.r«ck by indications of tlio samo Jaw in Ibssil 
lislics, and expresse d it 1>)M lie analogy of fa*tal and mature structures (cccxxix". (1814) 
p. xxvi.), and tbis, in sonu* (Icjrree, is true, 'riio eariic-r forms of Mammalia, however, 
are not too:iiless, have ratlu r an excess of tooth as compared with later and modern 
forms; but they exemplify, in the main, a more ‘generalised* typo. 

^ V. p. 624. cnxxx. p.-361. 
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of existing ruminants,’ that extinct species was seen to favour 
rather than oppose the idea of organisation by secondary law. 

The discovery of the remains of the Hlpparkm ^ supplied one 
of the links, required by Cuvier, between the Palmotherium and 
tlie Horse of the present day, and it is still more significant of 
the fact of filiation of species that tlie remains of such three-toed 
Morses arc found only in deposits of that tertiary period which 
intervene between the older pahcotherhin one ^ and the newer 
strata in which the modern Horse first a|)pears to have lost its 
lateral hooflets. These relations I illustrated in my Lectures on 
Fossil Mammalia at the School of Mines (1857) by the diagram, 
fig, 614. 

Other evidences of gradation, in the case in question, have 
l)e(‘n brought to light, Tlie molar series of the Horse includes 
six large <iomj>lcx grinders, individually recognisable by develop- 
nuiiital (characters as tbey are symbolised in fig. 280, p. 352. The 
rcjirescntativc of the first [iremolai* is ininnte and soon slu‘d. Its 
h(nnologue in Falaiolherhun is functionally developed and re- 
tained, the tyjie-dentitioa being adhered to.** In llipparion^ d i 
is siu’ceeded liy a p i ’ smaller than in Pakvothcrium, but func- 
tional, with infic^cted folds of enamel on the grinding surface, and 
])crmanent. It exemplifies a condition intermediate to that in 
P(il(PMf]u;riuni and Kquus, It is not tlnit the jaws of the Horse 
are too short to bold the full complement of grinders : on tlie 
(‘(nitrary they are relatively longer than in the Paheothore, being 
s|)(;cially produced between the grinders and euttors ; the first 
grinder might seem, indeed, to have lieen taken away in order to 
add to the sjiace for the ap[)lk’ation of the ‘ bit/ The transitory 
and singularly small and simple denticle, fig. 614, p i, compai'ecl 
with the large contiguous massive molar, in i, in the Horse, ex- 
cinjilifies the rudiment of an ancestral structure, in the same 
degree as does tlic liooflcss ‘ splint-bones,’ ib. Equusy li. iv. : just 
as the spurious hoofs dangling therefrom in lUpparioa^ih, ii. iv. , 
are retained nidinients of the functionally developed lateral hoofs 
in the broader foot oi' Pnlcpothcrlnmy ib. ii. IV. 

Otlier missing links of this scries id* species have been supplied ; 
as, c. g., by the Pahplotheriuin of the newer eocene of Hordwell, 

‘ OLXXX. p. ;U)7. 

m-m". torn. ii. p. 2o (1832). AnotluT speoios was ilisooA-orcxI in tlio Miocene ;it 
^q'pelsbeim— tiio ‘ of Kniip ; u third in deposits of similar age on the 

‘ ‘‘w.-ilik irills ; a. fourth. Hfpjxirhfi- pro^hflum^ Gv., at VaucUise, in the .soulli-east, of 
’I’JUiee, in deposits ‘ peiit-etrc pins receuts quo la inollasse dans cos localites.' — 
^■a^xxx". p. 432. 

* <5. * cccii". n. 19, figs. 1, 1 n. 

Ihis modification, a,s the Tahroflicrinm oHnum^ Ayrnard, began to ho shown, at 
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ILants., by tbe Palcpotherum aurelianense from tlie ^ moliisse 
marine ' of Orleans,* and by tlie Palceotherhim hippoides of the 
lacustrine calcareous beds of Sansan, all Avhich deposits are ini- 
ocene, or are transitional between eocene and niiocene, Tn the 
lirst-citeil exain]>le, the swollen termination of the lobe of the 
molar, answering to c, fig. 268, remains longer as a detached 
colmnn, fig. 269. In the two other Palacotherioids, the whole 
foot is longer and more slender, with a longer and thicker middle 
toe, than in the older eocene typo-genus, whence the generic 
name Auchitherium applied to them by von Meyer.'* It is in- 
terestinir, also, to find that the transitional character is fnrth(T 
marked by the smaller relative size of first preniolar, whereby 
Anchitherium intervenes, us in the modification of the feet, l)o- 
tAveen the Pabrothcrium and I/ippar/on, 

Thus amply and satisfactorily has been fulfilled Cuvier’s 
requisition of 1821 : — ‘ Entrc le paheotheriuni et les espeees 
(raujouixriiui Ton devrait docouvrir (juclqucs formes intcrmc- 
diaires.’ How, then, is the origin of these intermediate gradations 
to be intcr[)retcd ? One may first remark, that as Palceothrrhm, 
l\iloplotheriicm, Anchitherium^ IlippanoUy and P!fjuus, differ from 
each other in a greater degree than do the Horse, Zelira, and 
Ass, the (lilficiilty of interbreeding would be greater, and the 
])robability of fertility less, sujiposing those extinct genera to 
iiave co-existed. One cannot doubt, also, that every well-marked 
species of these genera jniired within itself, and that tliey cx(Mn- 
])lified respectively the character of a ‘ group of individuals de- 
scended frmn <*omrnun jiarents, or from such as resembled them 
as closely as they resembled each other.’ They did not, however, 
exist as specries, during the same periods of time, far less so 
‘ from tbe Ix'ginning of things,’ The single-hoofed Horse- 
family cannot he traced fiirlher hack than the pliocene tertiary 
period: tlie tridactvle efpiine .<[)eeies have not been found in 
strata earlier than miocene, and disapp(5ar in the npjier eocene : 
the lieavier-bodied shorter-legged species with three fiihctioiial 
hoofs to each foot belong to upper and middle eocenes. Further- 
more, in the oldc'St eocene (London clay, super-cretaceous Con- 
glomerates and Plastic clay at Meiidon, Paris), we get evidence 
of Ungulates (P//o/rY>/iw.?, Ilyracotherhnn^ Coryphodon^j/m 
the jierisso- and artio-dactylc characters were less difterentiated 

tho upper eocene at Velay, e.j?., ere Val^ofherium proper had passed away. (Bulletin 
du CongrCH Soientifique de France tenu a I*uy, 18.55.) 

* Also in the upper eocene of the BHsin of the Garonne, with AcerotJierimn. 

* AnchUherium occurs, also, in the ‘ marine molasac/ or lower mioeciic, of 8t. 
Genies, 1/inguedoc. 
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than in Palceotlierium and Anoplotherium^ affording additional 
significant evidence of ])rogressive departure from generalised 
type. I'hus, the succession in time accords ^^^th the gradational 
modifications by wliioh PidcBotkeruim is linked on to Equun. 

AV'^ith this additional knowledge the question, ^ whetlier actual 
races may not he modifications of those ancient races which are 
exemplified hy fossil remains?’ presents itself under very different 
conditions from those under which it phssed he/ore tlie minds of 
(^ivier' and the Academicians of 1830. If the alternative — 
species by miracle oi- by law? — be apj)lied to Palmdlierlnra^ Pa^ 
lophdheriuuiy Anchitlum Ilippartoa^ lujuuSy I accept tlie latter, 
without misgiving, and recognise such law as continuously ope- 
rative througlioiit tertiary time. 

In resj)ect to its modi? operation, we may su])])ose Lamarck 
to say, ‘ as the surface of the earth consolidated, tlie larger and 
more jiroduced mid-hoof of the old three-toed Pachyderms took a 
greater share in sustaining the aiiimars weight; and, more blood 
being refjnired to nuu^t the greater dcmaMd of the more active 
luiddle-toe, it grew: whilst the side-toes, losing their share of 
nourishment and becoming more and more withdrawn from use, 
shrank;’ and so on, according to the hardening of tlie ground, 
until only the hidden rudiments of mctajiodials remained and one 
lioof became maximiscMl for all the work. Air. Darwin, I con- 
ceive, would modify this, like otlicr Lamarckian instances, by 
saying that some individuals of Palceotheriurn happening to be 
born with a larger and longer middle-toe, and with shorter and 
smaller side-toes, such variety was better adapted to jirevailing 
altered conditions of the earth’s surface than the parental form ; 
and so on, until finally tlie extreme equine modifications of foot 
came to be ^naturally sole(‘tcd.’ J>ut the hypotheses of appe- 
tency and volition, as of natural selection, are less applicable, 
loss intelligible, in conneetion with the changes in the structure 
and jiroportloii of the molar scries of tcetly, which w'C have 
seen also to be gradational from Paloiotlieriam to Equm^ fig, 
(> 14 . 

Any modification of Geoffroy’s ‘ ambient medium,’ affecting the 
density of the soil might so far relate to the changes of limb- 
structure, as that a foot with a jiair of small hoofs dangling by 
the sides of the large one, like those behind the cloven hoof of 
the ox, would cause the foot of the llipparion, e.g., and a jvrtiorz 
the broader based threc-Iioofed foot of the Palicothcre, to sink 
less deeply into SAvainpy soil, and be more easily withdrawn, than 

* ‘Poi^rquoi los racoH actiielles, me dirait-on, ne serai cnt-elloa pas dos modifications 
c\« CCS races aucionnes quo Von trouv© parmi les fossiles?’ — cxxxix. i. p. Ivii. 
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tlie more concentratively simplified and specialised foot of the 
Horse.* 

Rhinoceroses and Zebras, however, tread together the arid 
plains of Africa in the present day: and the Horse has multiplied 
in that half of America where two or more kinds of Tapir still 
exist. That the continents of the eocene or miocenc periods were 
less diversified in respect of swamp and sward, pampas or desert, 
than those of thp pliooeile period, has no support from observa- 
tion or analogy. 

Assuming, then, that ralceotherlum did ultirnatelj^ become 
Efjuus^ I gain no conception of the operation of the effective 
force by personifying as ‘ Nature ’ the aggregate of beings which 
compose the universe, or the laws which govern these beings, by 
giving to my personification an attribute which can properly be 
predicated only of intelligence, and by saying, ‘ Nature has se- 
lected the mid-hoof and nyected the others.’ 

As some paragraphs in my ‘ Preface’ have lieen misconceived,^ 
I must further observe, to put my meaning beyond doubt, that, 
to say that Palmthenum. has graduated into kquus by ‘ Natural 
Selection ’ is an ex|)lanation of the process of the same kind and 
value as that which has been proftered of the mystery of ‘secre- 
tion.’ For example, a particular mass of matter in a living 
animal takes certain elements out of the blood aucl rejects them 
as ‘ bile.’ Attributes were given to the liver which can only be 
[)rGdicated <d* the whole animal : the ‘ a|)peteney ’ of the liver, it 
was said, Avas tor the elements of bile, and ‘ biliosity ’ or the 
‘ hepatic sensation ’ guided the gland to tlicir selection. 

Such figurative language, T need not say, explains absolutely 
nothing of the nature of bilification. One’s surprise is that 
‘ tropes’ and ‘personified acts’ should not have died out, as ex- 
])lanatory devices, Avith the ‘archeus faber,’ the ‘nisus forrnativus,’ 
and other self-deceiving, AA^orhl-begiiiling simulacra of science, 
Avith the last century ; and that a resuscitation should liave had 
any success in the present. It Is of interest as illustrating the 
‘ alternation of generations.’ 

What, then, are the facts on which any reasonable or intelli- 
gible concci)tion may be formed of the mode of operation of the 

* xvn'. p. 

* R<*fV‘rnii^ to rny * Anfitomy of Vertpijratfs/ in the fourth edition of the ‘Origin of 

by XatrirO St-bM-t'mn,’ A’-c., thf» author a^si.u’ts that ‘he* (Professor Owen) ‘at 
llie same time a'lmits that Natural Selorti<»ii rnuy have done something tow'ards this 
end.’ Mr. Darwin does ikjI the passage or reftT to the page on which he 

founds hi.s assertion. — ccxiii" (18GC), Ilistor. Pref. p. xviii. 

* cccxxviij". Tol. i. p. 268, and jmsaim. 
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derivative law exemplified in the series linking on Palmotherium 
to Equus^ A very significant one is the following : — A modern 
horse occasionally comes into the world with the supplementary 
aiicesti’al hoofs. From Valerius Maximus,* who attributes the 
variety to Bucejyhalus^ downwards, such ^ polydactyle ’ horses 
have been noted as monsters and marvels. In one of the latest 
examples,^ the inner splint-bone, answering to the second me- 
tacarpal of the pentadactyle foot, supported plialanges and a 
terminal hoof, in position and proportion to the middle hoof, re- 
sembling the corresponding one in Jlipparion, fig. 614, ir. 

In relation to actual horses such specimens figure as ‘monstra 
per exoessiim;’® but, in relation to inioccne horses, they would be 
normal, and those of the present day would exemplify ‘ monstraper 
defectum.’ The mother of a ‘monstrous’ tridactylc colt might repeat 
the anomaly and bring forth a tridactylc ‘ filly just as, at San 
Salvador, the parents of a family of six had two of the scries born 
with defective brain and of dwarf size : they \vere ‘ male ’ and 
‘female;’ and these^ strange little idiots arc exhibited as ‘ Aztecs.’ 
The pairing of the horses Avith the metapodials bearing, accord- 
ing to type, plialaiiges and hoofs, might restore the race of 
inpparions. 

JS’ow, the fact suggesting such possibility teaches that the 
change would be sudden and considerable : it opposes the idea 
that species are transmuted by minute and slow degrees. It also 
sliow^s that a species might originate iiHleiieudeutly of the opera- 
linn of any external inlluence; that change of structure would 
pre<*cde that of use and habit ; that appetency, impulse, ambient 
inodium, fortuitous fitness of surrounding circumstances, or a 
personified ‘selecting Nature,’ would have luid no shave in the 
tninsiiiutative act. 

There is, however, one relation wdiich I cannot shut out, 
for 1 hold it as strongly as when I cxjdaiiied it, and endeavoured 
to impress it upon the audience at my lectures of 1857 : it is the 
fitness of the organisation of the Horse and Ass for the needs of 

* ‘ Exoinplonim uiomorabilium lAbri iiovcni, &c. (Do rebus mirillcis.) ’ 

* ccciv". p. 55, PI. 1. 

* Two such examples arc describeel in ui. to], ii., andono in ccev". p. 221, in wliich 
die left: fore-foot had th^^^e Bubt>qiial lioofs, and the riglit fore-foot two hoofs. But tho 
•application of an in.striictivo and rightly discerned relation may be travestied and exag- 
gerated: the two-tailed lizard and the double-headed snake do not reproduce to view 
normal ancestral tV)mi». The essentially single inid-toe (fig. 193, iii) of the horse, oc- 
casionally bifid and terminated by a pair of ill-sLapon hoofs, lends no support to the 
iilcH of the digit (iii) being homologous with the so-called cloven hoof (really the digits 
lii and iv, ib.) of Ruminants. It is a malformation akin to that of the partially 
double digit of the Dorking fowl. 
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mankind, and the coincidence of the origin of Ungulates having 
equine modifi(‘ations of the perissodactylc structure with the 
period immediately i>receding, or coincident with, the earliest 
evidence of the Human Race. 

Of all the quadruj)edal servants of Man none have proved of 
more value to him, in ])cace or war, than the horse: none have 
cooperated with the advanced races more influentially in Man’s 
destined mastery over the earth and its lower denizens. In all 
the modifications of the old jiaheotlierlan type to this end, the 
horse has ac^juired nobler projiortions :ind higher laculties, more 
strength, more speed, with amenability to bit. No one can enter 
the ‘ saddling gnuind ’ at Epsom, befure the start for the ‘ Derby/ 
without feeling that the glossy-coated, proudly -stepping creatureg 
led out before him are the most [lerteet and beautiful of (pia- 
drupods. As such, I believe the Horse to have been predestined 
and ]>r(*pared lin* Man. It may be weakness; but, if so, it is a 
glorious one, to discern, however dimly, across our finite prison- 
wall, evidence of the ‘Divinity that sliajK's onr ends,’ aliuse the 
iiu?aiis as we may. 

Thus, at the acquisition of facts adequate to test the moot 
question of links between past and jiresent sp(‘ci('s, as at the clos (3 
of tliat other series of reseandies proving the ‘ skeleton of all 
A"(*rtehratcs, and ev( u of J\Ian, to be the harmonise<l sum of a 
series of essentially similar segments/^ 1 have been led to recog- 
nise species as cxoinjilifying the continuous opcralloii of natural 
law, or sccMuidarv cause; and that, not oidy successively hut 
progressively ; ‘ from the first embodiment of the Vertebrate idea 
under its old Iclithyie vestment until it became arrayed in the 
glorious garb of the Human form.’**-’ 

The S(‘ries of observations f.-n the Ungulate group of Mammals 
yiehls insight, as above explained, into the mode of operation of 
the secondary law' ; ami gives evidence of tlie amount of geo- 
logical time intervening between the introduction and disap- 
j>cara7ice of generic or suhgencric modifications. iVccording to 

' cxi.i. p. 110. 

2 .!}». p. SO. Ev«'-n in li'm partial (juotation from my work of 1819, the aiitlior of 
cvxiii" (1* ii E<1. ISfiO) might sn ri ground for apologi.siug for his pr#*postoroi.is 
in 18r>0 > tlmi, ‘ Profossor Owen maiutainrd, oftjjp vehementb’, the im- 
inut.'ibiliiy ot spcrlry fp. '110), and for tlio c|Uf*stiuii, as pivpJrtStorouiiftAnd unworthy: 
‘JJoes ho milly b‘di<*v(* that at i inui mo rablo poruxls in tho oarth’s history elemental 

atoms have bo« ii conmiamh d smhloidy to flash into living thtsues ?^ (Ib. Ikb 
p. 483. In the hid. oi 1800, p. Ill, t.htj irnpulalion is tacitly 4l^|landono^k) The signi- 
th^iiiiee of the concluding i»firagraplis of fxi.i was plaini:^hi)tigh<,to Badkjt P owisM , 
cccxxxiu". p. 401 and drew down on me the hai^^pith^si with which Theo- 

logy usually assails the hibringer of unwelcome light, (U. 
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the analogy of the mammalian Ilipparion and Equua^ w e may 
expect the corresponding j>recedent foi’m of the Papuan of the 
well-wooded and richly fruited islands representing a departed 
tropical or subtropical continent, to be exemplified by fossils in 
formations not earlier than middle tertiary. All species coexisting 
with the actual specific form of Homo Avill, with him, be immu- 
table, or mutable only as he may be. To name such species, after 
comparing and determining their specific* characters, Avill continue 
to be the Zoologist’s staple task as long as liis OAvn specific 
intellectual character remains unchanged ( Pref. p. xxxvL). To 
suppose that coexisting differentiations and specialisations, sucli 
as Equns and Rhinoceros^ or cither of these and Tapir us, Avhich 
have diverged to generic distinctions from an antecedent com- 
mon form, to be transmutable one into another, would bo as 
unscientific, not to say absurd, as the idea, which has been bols- 
tered up by so many questionable illustrations, and foisted upon 
poor ^ working men,’ of their derivation fronv a Gorilla! 

§ 425. Extinction, catach/srnal or requlated ? — I f, in place of 
recognising the series of the ahovc-eited Perissodactyles as evi- 
<Iencing (|)reordained) departures from j>arental type, j)r(d)ably 
sudden and seemingly monstrous, but adapting the progeny in- 
heriting such iuodifi(!ations to higher [)iirpos(^s, the theological 
notion be retained, and the species of Palieothere, Paloplothere, 
Anchithere, Ilipparion, and Horse, be severally deemed due 
t(» remotely ami suecessively re|)eat(Ml acts of dii-eet creation, one 
is concomitantly led to suppose the successive going out of such 
Species to have been as miraculous as tlioir corning in. The 
(h^struction of one creation is the logical pre(>i*dli]ance to a re- 
«ui*ron(*e of Agenesis.’ Tlris nexus of ideas was too close not to 
have swayed with Cuvier: accordingly, in liis famous ‘ Discours 
sur les Kcvolutions dc la Surface dii Globe,’ we have a section 
of VPreuves <iue ees Kcvolutions ont etc nombreiiscs,'^ and 
another section of ‘ Preuves quo ces Revolutions out etc su bites.’ * 
Continued observations of Geologists, wdiile establishing the fact 
of successive changes, have filled up the setmrirrg chasms be- 
tween such supposed ‘ revolutions,’ as tiro discoveries of Paheouto- 
logists have supplied the links between the species held to have 
perished the %Mitaclysms. Each successive parcel f)f geo- 
logical truth has tended to dissipate the belief in the unusually 
sudden and violent nature of the changes recognisable in the 
earth’s surface, ^ft^specially directing my attention to this moot 
point, whilst etfgagj^^in investigations of fossil remains, and in 
* cccxxi f- ii. “ Ib. \). 8. 
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the reconstruction of the species to which they belonged, I was, at 
length, led to recognise one causeof extinction as being due to defeat 
in the contest which as a living organised whole, the individual of 
each species had to maintain against the surrounding agencies which 
might militate against its existence/ (Pi*ef. p. xxxiv.) Tills 
priiicijile has received a large and most instructive accession of 
illustrations from the extensive knowledge and devoted labours 
of Charles Darwin : but' he aims to apply it not only to the ex^ 
tinction but the origin of sjiocies. 

Although I foil to recognise proof of the latter bearing of the 
‘ battle of life,’ the concurrence of so much evidence in favour of 
^ extinction by law ’ is, in like measure, corroborative of the truth 
of the ascription of the origin of species to a secondary cause.* 

* A critic of the first volume of tlu‘ present work, switching (ivor tlie pap;os of iho 
‘Preface’ with the speed they merited at his hands, caught .sight of tho words, 
‘contest of existence,’ ‘battle of life;’ and thereupon dashed off with — * Wo would 
call attention to the following passage, and ask wholher it is not actually an ad- 
mission of tho Darwinian Theory!’ {‘London Itevicw,’ April 28, 18(iG, p. 483): tlieji 
pa.ste8 in the slip, beginning with ‘the actual presence,’ to ♦fared better in the battle 
of life.’ With tho bulk of tho two voluTvies btd’oro him, an able reviewer could 
hardly be expected to waste valuable tirue upon ‘ not i‘s,’ and so the fact escaped 
him that the ‘ admission ’ or ‘ adoption ’ was, in whatever degree it might relate to 
the D. T,, an anticipation. 

Oddly enough, another reviewer (if haply tlic same meritorious labourer may 
have been doing this sort of w'ork for both periodicals) makes tln^ saiiu; trans[io.sitioM 
of dates, mistaking a quotation for text ; c.g. ‘ Not the least important feature in tie* 
work before us is, that it contains a partial concurrence, on the part of the author, in 
the theory of JS'afural And the same cutting doe.s duty as * piece just itiea- 

tivc,’ viz., ‘The actual presence,’ &e. to ‘battle of life.’— (‘ P(*pular .Science Review, ’ 
April, 186(5, p. 21‘J.) 

Having regard to' intelligent countrymen and couutryw'omcn taking scientific sus- 
t,eminco from these weekly and monthly sources, and wdio might never soo the ]iages 
of the work rcview'cd, T ventured to call attention to the omitted n;fcrcnco in the 
foot-noto of my ‘Preface,’ viz., to the. volume of ‘Transactions of the Zoological 
Society,’ 18o0. in which my theory of the extinction and conservation of species ap- 
peared, including tin* passage quoted, w’ith the obvious remark, that , ‘ if tho differenci: 
between 18o8 (date of the D. T. or “ Natural 8eU*ction”) and 1866 (date of vol. i. of 
Anut. of Vertebrates) puts the writer of tho latter date in the subonlinate relation 
of “admitter” or “ adopter”™ tacit or otlmrwise- to the author of the same theory 
at tho. earlier date, the writer of 1868 must stand in the same relation to the author 
of the same theory of I860.’ — (Letter to Kn. ct ‘Ijcnulon Review, May 1st, 1866.) 

Of course, to every competent judge, tho difference between a theory found<*d on 
tho application of tho principle <jf the contest for existence to tb© preservation or 
extinction of certain species, and that of a theory of tho origin of all species partially 
bjiscd upon the same principle, must have been obvious; nor was any pretention 
jidvamrecl, in tho lctt,cr rectifying the date of tho ‘ idea,’ to tho ample and instructive 
degree in which it had been worked out, and doubtless as an original tbought, by the 
accomplished author of ccxiii''. 

I deeply regretted, therefore, to seo in a ‘Historical Sketch* of the Progress of 
Enquiry into the origin of species, prefixed to the fourth edition of that wmrk (1866\ 
that Mr. Darwin, after affnnning, inaccurately and without evidence, that I * admitted 
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§ 426, How works the Derivative Laiv ? — The guesses made 
by those who have given the rein to the imaginative faculty in 

Natural Selection to liavo dono something toward that end/ to wit, tlie ‘origin of 
species/ proceeds to remark; ‘It is surprising that this admission should not have 
been made earlier, as Prof. Owen liow believes that he promulgated the theorv of 
Natural Selwtion in a passage read before the Zoological Society, in February, 18o0 
(Trans, wl. iv. p. 15 )/ 

The reason assigneti for this assertion is a paragraph in my letter to the ‘ London 
Review/ May 5, 1866, p. 516, which letter Mr. Darwin represents as an expres- 
sion of my belief ‘ that I proimdgate<l the theory of Natural Si lectiou in a pas- 
sage read before the Zoological ►Society, in February, 1850.’ The passage wdiich 
Mr. Darwin (piotes i.s as folloNVs: — “ No naturali.st can dissent iTorn the truth of your 
perception of the essential idenliu^of tho passage cited with the basis of that (tho 
so-called Darwinian) theory, tho pow'er, viz. of species to acconimodaf e themselves or 
bow' to tho influences of surrounding circumstances.” My ground for as.siuiiing tho 
recognilioii of ‘ the pow(?r of species to aceonnnodatc themselves or bow to the ijiflucnco 
of .surrounding circumstances’ to be the basis of the ‘ so-called Darwinian theory/ 
was, the detinition of that theory given by tlio author in the title-page of tho work 
‘On the Origin of Spc'cies by means of Natural Hehx’tion.’ For, tlie words ‘Natural 
Selection ’ not being liki ly, of iheinselves, to suggest tho mode of origin of specit^s, tho 
aui:!u»r adds the following detinition of his meaning: ‘ or, the preservation of favoured 
races in tho struggle for, life.’ 

Now, allhongh in the perusal of the work so entitled 1 found many other ju'eviously 
propounded grounds of a belief as to the origin of specicvS — as, e.g. ‘ volition or endea- 
vour to act in a given way/ p. 184, ‘ homology/ p. 434, ‘irrelative n^petition,’ p. 149, 

‘ geological time/ p. 282, ‘ .successive extinction of .species/ p. 312, ‘indications of older 
or (‘arlier species having a more embryonal or generalised structure than tlieir successors,’ 
p. 338, &c , — all of which had seemed to mo to bo bet ter evidences of a genetic succession 
of species than tlie one ground set forth in the tilh’-page—yet, being so set forth, it w'as 
due. to the author to refer to it as ‘the basis ’ of his theory. If reihrtmee be now made 
to the ‘Zoological Transactions,’ vol.iv. p. 15 (February, 1850), or to ‘Preface’ (vol.i.) 
\). xxxiv., it will be seen t Jiat 1 exemplify the principle of the preservation of tlie favoured 
r.'icc, in the circumstances of the struggle described, iiiclndiug seasonal extremes, adap- 
tafioii to kinds of foo<l, generative puw'ers, introilueiion of enemies, &c., by such cha- 
racters of specie.s as those of .size : — ‘ If a dry season be gradually prolonged, the large 
Mammal will sutler from the drought sooner tlian tlie small one; if such alteration of 
clim.ito atfeefc tho quantity of vegetable food, the bulky Herbivore will first feel the 
ellects of stinted nourislnmmt ; if new’ enemies are introduced, the largo and eonspicuoms 
quadruped or bird will fall a prey, w’hibst tJio .smaller species conceal tliemselvcs and 
escape. .Smaller animals arc usually, also, more prolific than larger ones.’ It will be 
admitied, I may bcliio'o, that, in view (in 1850) of tho question of extinction by 
CMtaclysm, or bv surrounding intlneiices, not more c-xtraord inary, for example, tlian 
extreme season (heat, cold, rain, drought, as part of the ordin.'vry Laws of Climate), 
tlio operation of .such infiinaicos in the prc.servation of some races and the extirpation 
of others could scarcely be more explicitly propounded. And this principle of victory 
*or defeat in tho ‘ contest with surrounding agoiieies’ i.s sot forth in Mr. Darwin’s title- 
page as the basis of liis theory of Natural Seleelitm. Then, when a reviewer, ignorant 
of, or ignoring, the relative dates of promulgjition of such basis, quotes me as adopting 
Mr. Darwin's theory, and wlien I point out tho transposition of tho dates of tliat 
theory and of my enunciation of it>i basis, Mr. Darwin turns upon me and writes, in 
1866; ‘ Mr. Owen now believes that he promulgated the theory of Natural .Selection/ 
and adds, ‘ this belief in Prof. Owen that he thus gave to tho world the theory of 
Natural Selection will surprise all who are acquainted with tho several passages of his 
>^'o^ks/ &c. (p. xviii.). But all that Mr. Darwin gives in support of this statement 
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attempts to explain the mode of operation of the derivative law 
have mainly proved repellent to its study, and have raised the 
chief obstacles to its acceptance, by affiu'ding the most favourable 
opportunities of telling argument and caustic criticism to oppo- 
nents of any recognition of such law in the abstract. Thus, 
I)e jVfaillet's conception of the conditions oT transmutation* in- 
vited Cuviers crushing exposition of its absurdity, which fell with 
the full weight ()f his great anatomical knowledge.^ Lamarck 

autl comment, ami I am very sure he quoted every word lie could find to, justify them, 
goojj no further than t<> yhow that I had anticipated him in the basis of his theory, 
and ill no way or degree supports his assumption tliat 1. umqfled orliad affirmed that 1 
had promulgated (in 18o0), the extraordinary supiu’strnetnre whieli he has raised up<m 
tliat basis, iimler the term • Natural Selection.’ lii so asserting J should have merely 
deceived myself: no Naturalist cognisant of the history of the progress of the know- 
brdge of the origin of species could be dfceivetl for a nioiut'nt by so gross an absunlity 
as would have been I lie. stateiucnt of the belief, wliicli statement Mr. Darwin 
endeavours t<) fasten upon me, of ‘having promulgAted tin; tlieory of ‘‘Natural 
^>election,'” or any other theory of the origin of speeits. It would liave Ix'cn a easo 
of self-decepriou akin to that by wliieh Mr. Darwin, baving attempted and, as it 
scorns to me, failed, to e.\plain the origin of species on my basis of the ‘ .struggle 
for life,’ avssumes to himself, or allows others to attrihnio Vh him the only reason- 
aide and probable grounds for belief in the origin of spt'cies tliroiigh a pre- 
f)rdalned continuously operating .secondary law or cause. And here 1 take leave 
to remark, that certain faets having been pointed out. with ilndr mode, of operating 
in the origin of sp^eies, ami the proba)>ilities weighed for ami against the mira- 
culous origin of ‘.some oim form into whieh life was first breatheil' as cont ru.stod 
■with ‘the normal origin of divers form.s of s.ircodal, single-celled, life’ as hypotln.;- 
tioal beginners of subsequent, and higlier forms, it is not hone.st to eon found such 
‘derivative hypothesis of the origin of spccie.s* with tln^ hy[>othesis of ‘Natural 
Selection.’ 

* ‘Car il pent arriver, comnio iiou-s sejavons qu’en effi t il arrive a.sse?!sou\ent, quo los 
poi.s.son.s .‘lile.s ct volans chassant on otaiit ehasse.s dans la mer, ciuporte.s dii desir do 
laproioou do la crainte do la iiiurt, ou bien pousses peiit-etro a quelqiie.s pas du 
rivago par les vagues qifexcitait unc tompete, soit-jit tombe.s «laris de.s rosea ux ou dans 
dcs herbages, d'oii ensiiite il no leur fill pas po-'^siblo do roprendre. ver.s Ja nier, I’essort 
qui les cn avait tiros, et qu’en cet. eiat ils ayeiit contractu unc plus grande facultc dij 
voler. Alors lours nageoires n'etant plus baignci^s dos eaux <lo la mer, so feiidircnt 
et dejetterent par la secbercs.sc. Taiidis qu’ils trouverent dans le.s ro.seaux et le.s 
herbages dans b'sipiel.s iis etaient tomlais, quekjiies alirnen.s pour .so soutenir, hs 
tuyaux de Icurs nageoiros .separe.s les uiis des aulres prolongt\rent ct so revetirent 
dobarlic.s; ou, pour f»:jrlcr plus juste, les membranes qui auparavant le.s avaient. 
tenus colics l<!.s uns aux autn^s, so nictamorpho.scront. La barbo formco do ce.s 
peUiculcs dejcUces s'alloiigca clic-memc ; la pcau do cos auimaux se revetit inscnsible- 
ment d'un duvet dv la memo coul4*ur dont die etait peinto et ce duvet grandit. Le.*^ 
petits ailerons qu’ils avaieiit sous Je veiitro ct <jui, comine leiirs nagi'oircs, leur nvaiont 
aide a so proruencr ilans la mer, ilevinroiit de.s pieds, et leur servirciit a marcher .sur 
la torre, Il so fit. encore d’aulrcs petits changeinen.s dans leur llgurb. Le bee et le 
col d<*s uos s allongercnt ; cciix des autres so racourciront : il eii fut do memo du rcslo 
<iu corps. Cepf.mdant la conformite de la promi^jpe figure subsiste dan.s lo total ; et 
die est ct sera toujours aisoo a rcconnaltrc.’ Telliamcd, t. ii. p. 166 (1755). 

* 'De.s mituralistes, plus materid.s dans leur idoes, .sont demeurbs humbles sectatcurs 
do Maillot. Voyant quo le plus ou inoins dhusago d’un membro on augmente ou eu 
diniinue qiidquefois la fort'O ct le volume, ils so sout imaginu quo dos habitudes ou 
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gave occasion to many similar confutations, applied not always in 
good faith, and often by men without any anatomical or physio- 
logical qualifications fur such criticism, to discredit veritable evi- 
dences of the operation of a secondary creative law. Subjoined, 
for example, is his hypothesis of the origin of the human sj)oeios,‘ 
which, with similar illustrations from the web-footed, hoofed, and 
long-necked ruminant mammalia, have afforded to{)ics of easy ridi- 
cule. So Lycll, asserting that ^ oi^angsMiad boqn tamed by the 
savages of Borneo, and made to climb lofty trees and bring dowm 
tlie fruit,’* proceeds: — ^ It is for the I^amarckians to explain how 
it haj)pcns that tliese same savages of Borneo have not themselves 
acquired, by dint of longing, for many generations, for the power 
of climbing trees, the elongated arms of the orang, or even the 
prehensile tails of some American monkeys. Instead of being re- 
duced to the necessity of sidyugating stuhhorn and untractablc 
brutes, wc should naturally have anticipated that their wants 
would have excited them to efforts, and tliat continued efforts 
would have given rise to new*^ organs : ” or, rather, to the reacqui- 
sition of organs, which in a manner irreconeileable w ith the prin- 
cij>le of the “ progressive” system, have grown obsolete in tribes 
of men which have such constant need of them.’ '* 


(los infliienees exttTlcui’c.M, oontinnos, out pii tOiaiigor pur clegres les formes 

ties injinmux hu point do los fairo nrriver sucocssivoment u tontes cellos quo uiontrent. 
iiiiiiiitciiant lours ditferontos ospeeos. On y considore on quelqiio sorto le.s cor^s 
organises counno uno simple masse do on d’argilo tjui se laisserait niouler erivre 
lo.s d<.»igts. Aiissi du monioiit ees iiulours out vuulii eutivr dans le dolail, ils soiit 
tombos dans le ridioule. C^uiconquo oso avancor soriousomont qu'iin poissoii. a force 
tie so teuir an see, ix>uiTait voir aos eeailles se feudillor el sc changer mi plumes, ct 
(love.nir liii-momo un iiiseau ; on iju’un quadrupetle, a forco do ptun^trer dans cles voics 
etroiios, do se passer a la lilioro, pourrait sc chang<*r en uii serpent, no fait autre clioso 
({n»‘ prouvor plus profonde ignortuice do raiiatouiic. Quel rapport y a-t-il entre 
Vorganisa turn compliquee ot admirable do la plume, so.s t uniques, scs vaissenux, f?ps 
euj)ul«*s transitoiros siir lesquellos se moulent sos barbes, ot dout il reste line pavtie 
dans son tuycaii, ses l.'arl.iules do plusieurs onlres, toujoiirs si bien adapt cos a la 
nature do roiseau ; quel rapport, dis-je, y a-t-il outre, tout cola ot une eeaillequi se fep- 
dillerait? il y a inieux, e’t stque recaillo nVst pas nitbiie d’une texture quilui ponnottre 
do se feudro ainsi en so dessochant ; et voila erpoudant un echantillon do eo que nous 
pr-opf>s(.'nt dfts auteurs vaiitos! ' — xii. i, p, 100. 

‘ ‘ Kfi[’oetiv<Mnent. si nne rime quoIeoiKpie do <£11 atJlru manes, snrtoiit la plus perfectionnee 
d’enire <dle8, pcnloit, par la nocossite des ciroonstanccs ou par quelqu autre cause, 
lliabitudfi do grimper sur les arbres et d’en empoignor les branches avcve 1^8 pieds, 
eoinme arec les mains, pour s’y accrochcr ; et si les iiidividus do cetta race, pendant- 
une suite do generations, etoieiit forces do ne ser^d^ do lours pieds quo pour marcher, 
ct cossoient d’employer leurs mains comnios dos pieds ; il n’est doutoux, d’apres les 
ohsorvationa exposoes dans le chapitre pnWdant, que les quadrumanes no fnssent a la 
hn transfomes on himnnes, ot quo los polices de leurs pieds ne cessassont d'otri' 
lies doigts, ces pieds no leur servant plus qu A marcher.’ -ccxcviii". i. p. 349. 

' <‘V’. Ed. 1835, vol. ii. p. 463. * lb. p. 16 1. 

VOL. in. 3 F 
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All anatomist and physiologist competent to judge of the 
stable grounds of a derivative origin of species — unity of plan, 
geological epochs, successive species therein, — truly set forth by 
the great and philosophic naturalist, would have referred to him, 
liearing calmly and nobly an old age of blindneiss and j)Overty, in 
a more worthy spirit. From one destitute of qualifications for 
grappling with the difficulties of this profound genetic problem 
in physiology, silence would have been blameless, V^ituperatlve 
condemnation by such a one of a given phase or an untenable 
ground of that iiroblem is of no greater value than bis extravagant 
commendation, with as little capacity for comprehending its weak- 
ness, of a subsequent attempt toivards its solution. 

Some of Lamarck’s characteristic and assailable illustrations 
have indeed been adopted and further developed; — ‘ Ceux des 
mainmifcres aqnatiqiies qui contractcrent riiabitudc do ne jamais 
sorlir des eaiix, et seulcment de venir respirer a Icur surface, 
di)nnerent probabloment lieu aiix ditlerens Cefaeves. En effet, 
depiiis rcMornie quantitc de temps cfuc ees aniriuuix vivent dans 
le scin des mers, ne se servant Jamais dc Iciifs ]>ieds postcrieiirs 
pour saisir les objets, ces pieds non employes out tout-a-fait 
disj:»aru, ainsi quo lours os, et ineme le bassin qui lour sc'rvoit 
de soiitien et d’attaelie.’ ^ As a fact, howc\'er, so much of the 
pelvis has been j)reserved in Crfact'a as serves to give origin to 
certain muscles of the genitals ; and, in tlie mysticete whale, even 
a rudiment of the attacdied limb remains (vol. ii. fig. 159, g3-oo). 
But besides the influence of habitual sojouni in water, Mr. Darwin 
adds another consideration to account for the enormous head in 
Cetacea : — ‘ In North America the black-bear was seen ))y Ileanic 
swimming for hours w ith wddely open mouth, thus catching, almost 
like a wdiale, insects in the water.^ 1 sec no difficulty in a 
race of bears being rendered by Natural Selection, more and 
more aquatic in their structure and habits, witli larger and larger 
mouths, till a cj’eaturc was produced as monstrous as a whale.’ ^ 
The idea w hich Mr. Darw in j)ersuades himself that he originated 
in addition to Lamarck’s ^ influence des circonstances sur les ac- 
tions ct les habitudes des animaux et de celle des actions ct 
(les habitudes de c(is corps vivans, eomme causes qui modi- 
fier! t Icur organisation et leiirs parties’ is most intelligibly 
illustrated in tlie l^apor in which he first communicated his views 
to the Linniean Soci(‘ty. It is by ^an imaginary example from 
changes in progress on an island ’ : — ^ Let tlic organisation of a 

* ccxrvjii". ii. p. 4GJ, « ccxiii''. p. 184, Kcl. 1. 

* This conc'liisioTi of tlie passage is oiiiittcil in later editions. 
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oaiiine animal which preyed chiefly on rabbits, but sometimes on 
hares, become slightly plastic : let these same changes cause the 
number of rabl)its very slowly to decrease, and the number of 
hares to increase : the effect of this would be that the fox or dog 
Avould be driven to try to catch more hares; his organisatkm, 
liowever, being sliglitly plastic, those individuals witli tlic lightest 
forms, longest limbs, and best eyesight, let the differences be ever 
so small, would be slightly favoured, aftd would tend to live 
longer, and to survive during that time of the year when food was 
scarcest ; they would also rear more young, which would tend to 
inherit those slight peculiarities. The less fleet ones would be 
rigidly destroyed. 1 can see no more reason to doubt that these 
causes in a thousand generations would pro(lu(‘e a marked effect, 
and adapt the form of the Ibx or dog to the catcdiiiig of hares 
instead of rabbits, than that greyhounds can be improved by se- 
lection and careful breeding.’ ^ So Geotfroy Saint-Hilaire also 
wrote ; — ‘ Si ces modifications amenent des effets nuisibles, les 
animaux (pii les cprouvent ccssent d’exister, pour ctre rein places 
])tu* (I’autres, avee des formes un pen changees, ct changecs la 
couveuance des nouvelles <?irc(mstanccs.’ ^ 

Tlic modifications on which Geoflroy Saint-Hilaire laid chief 
strt\ss wore those assumed to have affected the ambient medium, 
the mode of ojieratioii of which in the origin of species he thus 
oxemplifies: — ‘ Mon Memoire, traitant de I’inffuonce des milieux 
ninbiiins pour modifier les formes aninifdes, monlre comment la 
(piaiitite (lecroissaiitc de Toxygcnc, rclativeinent aiix autres com- 
posans de l’atmosph(^re, a pu forcer los surfaces cutanccs des 
cnihryoiis, premier ct principal siege des actes respiratoires, ii 
s’onvrir davantage, a gagner, dans nne raison inverse dii volume 
cxistaiit de roxygiuic, plus dc profondcur, au moyen do plus larges 
iinfractuositcs dans le tissu ccllulaire, et a acqumr, par un ac- 
<*r()issement dans rintensite des effets, do plus on jilus, le carac- 
tere d’ampoulcs et docideincnt <le trachees, jusqu’a ce qu’enfin 
survienne dans le thorax unc concentration des sinus respiratoires, 
rt (los arrangements de structure pour I’isoleinent des poches on 
theatres de respiration, appeh%, siiivant leurs qualitcs condition- 
nelles, poumona ou branchies,^ — ccxcvii". p. 82. 

One should not be dealing fairly with this exposition of trans- 
inutativc conditions if we were to take its terms in their literal or 
tisiial acceptation ; else, the obvious objection that embryovS arc 
^luit out from the influence of the atmosphere until their lungs 

’ ca’i. p. Itut SCO llic remarks on this in cxxxx. p. 431, and cii'. p. 65, 

^ cvxcix". p. 79. 
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are prepared for it, at once suggests itself. I assume, therefojre, 
that the term is used, metaphorically, to signify the low and early 
embryo-like forms of living things. But it may then be remarked 
that if speculation be permitted on possible changes in the con- 
stitution of the atmosphere of this planet, during past geologi(‘al 
a?oiis, it is more ju'obable that the proportion of the Ciarbonic acid 
has been reduced than that of the oxygen. The prevalence of 
remains of cold-blooded slow-breathers in palseozoic and older 
mczozoic strata has more than once suggested such relation to the 
^ ambient medium.’ 1 repeat, however, that the sole consequence 
of vague generalities, or figurative impersonations, |>ro})Oundcd to 
show how transmutation may go on, has been to prejudice calm 
and sound judgments against any accejitancc of, or favour towar(l, 
the grounds of a belief in secondary creational law. I have else- 
wliere tested the hleas of Lamarck and Darwin as to the mode 
of transmutation, by reference to the species Chiromys 
cariensis:^ I will no\v apply them, together with GcoHroy’s, to 
another and lower degree of life. 

What spectacle can be more beautiful, striking, and suggestive 
than that of tlic inhabitants of the calm expanse of water of an 
atoll, encircled by its vast ring of coral rock ! Leaving tlio 
bright-tinted Clurtodonts, the Scari with adamantine jaws, the 
Holothiirians and other locomotive frequenters of the calcareous 
basin out of the question, and restricting the test to the sjjcci(*s 
cemented or otherwise confined to its area: we may fii'st ask: — 

A\"ere the elements of the coriaceous and of tlu* softer contrac- 
tile and secreting tissues of the coral-polype suddenly coml)ined 
and disjjoscd so as to form the body-wall, inverted gastric-bag, 
produced tentacles, intermediate lamiiue, generative plaits, vesi- 
cles and threads, with outer folds in arrangement and numb(?r.s 
siudi as to secrete the laminate calcareous polype-cell ? Was the 
creature, so miraculonsly constituted, at the same time ciulowod 
witli generative faculties to multiply and reproduce its kind fur 
all time ; the creative act henceforth and therearter being dis- 
{)ensed with ? Accepting, with the theologian, this view, it must 
then bo ap]>lied to each of the more or less closely allied spc(*ics 
associated in the same coral workhouse. The origin of such 
species thus dates back to the beginning of life on the globo.^ 
The first created coral-polype included, potentially, the germs of 
its successors throughout all time. 

* cu". pp. 64-66. 

* I leave out of the question tho subsequent letluil iuflueiicti of the heavy and con- 
tinuous rail) ai.Mod to the ocean in order to raise it above the highest inountahi'J. 
siceordinff to the biblien'l tlood. 
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Obsenation, however, shows that the species of existing An- 
thozoa cannot be traced very far back: those with a flexible, or 
with a branched, calcareous axis began only at the tertiary period ; 
and, of the genera of eocene lamellate or stony corals, all the 
.s|)ecics are extinct, and have been superseded in their grand and 
useful operations by those now forming reefs and atolls. As we 
extend our researche.s back in time we Qnd generic and family 
types ol coral-polypes passing away: the prevalent pattern oi' 
stt ate eup.s of rays of .v/j.- or its multiples, has superseded a 
snnplcr pattern of four or its multiples. Of the Cyathoplnjllhlc: 
of the palasozoic rgefs which present a (piadripartite eharaciter of 
their plaited jiolypc-cells, not one such .species now cxist.s, or has 
been observed m any formation later than lower green-sand. More- 
cnei, tie nlhng uji of abandoned cells in the course of growth of 
^ ' P ..1 ^ ^ changed from a more complex to a more 

.simple method, as we recede in time in pursuinir our com- 
|)ari8on.sJ 

With this gencridised result of observation of reef-building 
1)0 ) jics w e return to the initial question in a frame of iniiul inevi- 
tably other than that in which the creation of a coral-island is 
pondered on by one ignorant of the geological hi.^tory of the class 
engaged m its construction. Was direct creation, alter the dying 
out of its result as a ‘ rugose coral,’ rcjieated to con.stit lit e tl.c suc- 
cocdnig and superseding ‘ tabulate coral ’? Umt we, also, invoke 
the miraculous power to initiate every distinct .species of botli 
and Tahalata'i These grand old groups have had their 
■i\ aiu are iitteily gone. hen we endeavour to conceive oi’ 
realise such mode of origin, not of them only, but of their manifold 
snccessor.s, the miracle, by the very multiplication of its mani- 
K'statioiis, becomes incredible— inconsistent with any worthy con- 
'•cption of an all-seeing, all-in-ovident Omnipotence ! It is not 
a )ove, hut against, reason ; and I may assume the siiocia l primary 
(Creative liypothesis of the successive and coexisting species of 
Authuzoa to be not now held by the soienlifie naturalist. 

bet us then test the jiropounded explanations of their ori*riu 
'y secondary law. That of ‘ aiipetency ’ subsides from the iiiipo- 
‘-■ney of a coral-polype to exercise volition. The weak jioint of 
aunareks creative machinery is its limited applicability, viz., 

" creatures high enough in the scale to be able to ‘want to do 

til I ‘dined laws of the ‘reflex function ’in 

physiology of the nervous system and the ueccssity of the 


ixxxx, pp. 23-28. 
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superadded cerebral mass for true sensation rigorously fix tho 
limits of volitional faculties. 

We pass then to considerations of the ‘ ambient medium ’ and 
^ natural selection.’ We have no evidence that the fabricators of 
the coral-reef of Wenlock-edge, or of those skirting the Cambrian 
slates and Devonshire ^ killas,’ or of those in the lofty limestone 
cliffs of Cheddar, worked in an ocean otherwise constituted than 
the present. What conceivable character of sea or of the air 
dissolved or diffused therein could have changed the loose aggre- 
gation of the individuals of composite Rugosa into the close com- 
bination, with intercommiiiiicating pores, of those of the composite 
Tohulata ? Or wliat possible external influence could have 
transmuted the comparatively simple massive mode of growth or 
deposition of carbonate of lime common to hotli Rngosa and Tabu- 
lata Into the light and complex character of the ])olyparies of most 
existing lumclliferous Anihozoa ? In the first mode the old polype- 
cell is siiccossivcly partitioned off from the one in occupation by 
floor after floor crossing the cavity: in the otlior, radiating ver- 
tical partitions alone occupy the deserted cell and extend nninter- 
niptcdly from its bottom or beginning to the superficial inhabited 
chamber. The quadripartite pattern of the i)laited cup of tlu^ 
palav)zoic coral has changed into the sexpartite disposition of the 
radiating lamelhe <jf the polype-cells of tertiary and modern corals. 
But personifying the fact of such transmutations by the term 
‘ natund selection ’ gives no more insight into the manner of the 
operations than we learn of that of the budding out of a new leg 
in a maimed newt, by being told that it is done by ihe ‘ iiisiis 
formativns ’ or by * j)aiigeno.sis ’ I Even were there evidence of 
changes in the composition of the atiiiosjdicre, their ^ modus o]>e- 
I'aiidi’ in cftecting sucli structural ditfercnces would not be more 
conceivaldc. 

1 do not believe that a sex{)artitc type of coral was miracai- 
lously created to supersede a quadripartite one. If the groiinds 
are good for admitting the continuous oj)eration of a secondary 
cause of the specific forms of Vertebrate life, a fortiori it is ad- 
missible in the lower splu^re of Radiate life. It is consistent with 
facts that a quadri[)artite coral might bud out, or otherwise 
generate, a variety with a greater nuinbev of radiating lamina!. 
Some varieties, like those cxprcvsscd by the modern generic terms 
Rorites, Millapora^ es[)ecially the M, complanata^ with its strong 
vertical plates, were better adapted to b^ar the brunt of tlie 
breakers, and flourisli in tlie surf, under the protectioJi of the 
coating Nullipore. ^ But to how small an exception is this refa- 
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tioii applicable! Of the 120 kinds of coral enumerated by 
Ehrejiberg in the Ked Sea,* 100, at least, exist under the same 
conditions. The majority of species, originating in uiicalhid-lbr, 
uiistimulated, unselected departures from parental structure, 
establish themselves and flourish independently of external in- 
fluences. All classes of animals exemplify this independence : 
tlie Cetaceans, under an extraordinary and nicely graduated range 
ofgenericj and specific modifications; and the same may be said 
of most Fishes.^ 

So, being unable to accept the volitional hypothesis, or that 
of impulse from within, or the selective force exei*ted by out- 
ward circumstances, I deem an innate tendency to deviate from 
parental type, operating through periods of ade(|uato duration, to 
be the most probable nature, or way of operation, of the second- 
ary law, whereby sj)ecies have been derived one from the other. 

It operates, and has operated, in the surface-zones wlieVe the 
cliambcired ceplnilopods floated, and at the depths where the bra* 
chio[)od3 were anchored, as in the more defined theatre in wdn’ch 
the various [)olyi>cs of the coral reef display their diversities of 
colour, size, shape, and structure, ini]e])en(lently of outward iu- 
Huencos. This tendency, moreover, is not exemplifiod in th(‘. 
ratio of the number, variety, or force of conceivable ‘selective’ 
surrounding influences, but is directly as the simplicity of the 
organism. In the Foraiinniferay c. g., it is manifested in such 
degree that as many as fifteen genera defined by one given to — 

Intrigue with llu' s})u(*ions chaos, and disjiiirt 

Ii-s JDOjft amlnguous utoins u'ith sure art ; 

Jlclim; tiu'ir prtl.isli limits, ami estrange 

Their points of contact, and swit’t cuuntt-i'cliange, 

have been found by his Followers to lie but varieties of a single 
ty|>e ; ami oven this, too iuconstaut to come under the definition 
of a species given iii p. 792. The departure from parental form, 
]>rodueiiig the beautiful varieties of jierforate and imperforate 
llhizopods, and which exemplify each group, respectively, under 
the Lagonine, Nummulinine, Globigenne,or under the Gromiine, 
Mllioline, and Lituoline types, lias eileoted its etuis independently 
of inii(‘r volitions or of outer selections. Certain encrusting forms 
seem by the jiresence of siliceous spicula to have been derived 
from s]K)nges ; but no explanation presents itself for such transi- 
tional cliangcs, save the fact of anomalous, monstrous births — as 
these varieties, and the whole assemblage of alternate-generative 
phenomena, would be called ‘ in high life.’ 

* ccrxix". p. IG. - xcix'. p. *H. 
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According to my derivative hypothesis, a change takes place 
first in the structure of the animal, and this, when sufficiently 
advanced, may lead to modifications of habits. But we have 
no evidence that the observed amount of change in Poriferay 
ForamhdfVray and Anthozoa^ &c. has been attended with any 
change in the way or power in which they extract from their 
ambient medium, and precipitate, silex and carbonate of lime, or 
in the performance of any other vital function. As species rise 
in the scale, the concomitant change of structure can and does 
. lead to cliangc of habits. But species owe as little to llie 
accidental concurrence of environing circumstances as Kosmos do 
pends on a fortuitous concourse of atoms. A purposive route 
of development and change, of correlation and interdependence, 
maiufesting intelligent Will, is as determinable in the succession 
of races as in the development and organisation of the individual. 
Generations do not vary accidentally, in any and every direction ; 
but in preordained, definite, and correlated courses. 

If the survey of a series of siliceous polj cystins and diatoms, 
of zoo[)hytos, of l)racliiopods, of ammonites, excites pleasure by 
their beauty, and raises worsliip of the Power manifesting itself 
in such inconceivable and exhaustless variety, I acce[>t the relation 
as one designed, and in Ilis due time, fulfilled:- 

To th<‘ fairnc.ss vvoru to want, an 

To doubt the g(jodnos«i wero to waul a heart! 

^ Derivation ’ holds that every species changes, in time, by vir- 
tue of inherent tendencies thereto. ^ Natural Selection ’ holds 
that no such change can take place without the irttliiencc of 
altered external circumstances educing or selecting such chatige. 

^ Derivation ’ sees among tlic effects of the innate tendency to 
change, irrespective of altered siirroimding circumstances, a mani- 
festation of creative ])ower in the variety and beauty of the 
results : and, in the ultimate forthcoming of a being susceptible of 
a])preciatiiig such beauty, evidence of the preordaining of such 
relation of power to the appreciation, ‘Natural Selection ’ ac- 
knowledges that if ornament or beauty, in itself, slumld be a pur- 
pose in creation, it would be absolutely fatal to it as a hypothci^iis. 

‘ Natui al Selection ’ sees grandeur in the “ view of life, with its 
several powers, having been originally breathed by tlic Creator 
into a few forms or into ono:”^ ‘ Derivation ’ sees, therein, a 
narrow invocation of a special miracle and an unworthy limitation 
of creative power, the grandeur of wdiich is manifested daily, 

. ^ axiii". Ed. I860, p. 490. 
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hourly, in calling into life many forms, by conversion of physical 
and chemical into vital modes of force, under as many diver- 
sified conditions of the requisite elements to be so combined. 

^ Natural Selection ’ leaves the subsequent origin and succession 
of species to the fortuitous concurrence of outward conditions : 

‘ .Derivation ’ recognises a purpose In the defined and preordained 
course, due to innate capacity or power of change, by whicli 
iiomogcnously-created protozoa have risfen to the higher forms of 
plants and animals. 

The hypothesis of ^ derivation ’ rests upon conclusions from 
four great series of inductively established facts, together with a 
probable result of facts of a fifth class : the liypothesis of ‘ natural 
selection’ totters on the extension of a conjectural condition, 
explanatory of extinction to tlic origination of species, inappli- 
cable in that extension to the majority of organisms, and not 
known or observed to apply to the origin of Jiny species. 

§ 427. J^inf/enesis or Evolution ? — The derivative origin of 
species, then, being, at present, the most admissible one, and the 
r<;tros{)ective survey of such species showing convergence, as time 
recedes, to more simplified or generalised organisations, analogous 
to Von Baer’s law of individual development, the result to which 
the suggested train of tliought inevitably leads is very analogous 
in each instance. If to Kosnu)S or the mundane system has l)een 
allotted powers eciiiivalcnt to the develojanent of the several 
grades of life, may not the demonstrated series of conversions of 
force have also inclnded that into the vital form ? 

In the last century, physiologists were divided as to the prin- 
ciple guiding the work of organic development. 

The ‘ evolutionists ’ contended that the new being pre-existed 
in a complete state of formation needing only to be vivified by 
impregnation in order to commence the series of expansions, or 
diseucaslngs, culminating in the independent individual. 

The ‘ epigenesists ’ held that both the germ and its subse- 
quent organs were built up of juxtaposed molecules according 
to the operation of a developmental force, or ‘ nisiis forma- 
tivus.’ 

Haller maintained the princi[)le of ‘ evolution,’ Biiffon that of 
‘ epigenesis.’ Hunter, who surpassed all his contemporaries in 
observations on the formatiou of the chick, ^ tliouglit he could 
s^ee both principles at work, together with a third.’ However, as 
be limited the ^ pre-existing entities ’ to ^ the materia vit;e uni- 
versalis ’ and the ^ absorbent faculty,’ he would now be classed 
'vith the ‘ epigenesists.’ For, he reckoned among the parts newly 
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built up, not evolved, ‘ the brain and heart, with their append- 
ages, the nerves and vessels, and so on of all the other parts ot* 
the body whieh we do not find at first.’ t Hig third prinei|)le is 
merely a modification of epigenesis, viz., ^ change in form and 
action of pre-existing parts.’ 

At the present day the question may seem hardly worth the 
paper on which it is referred to.® Nevertheless, ^ pre-existence 
of germs ’ and ‘ fvolution ’ are h'gically inseparable from the idea 
of the origin of species by jnimary miraculously created indi- 
viduals. Cuvier, therefore, maintained both, as firmly as did 
Haller.^ It is, perhaps, one of the most remarkable instances 
of the degree in which a tavourite theory may render us blind 
to facts which arc opposed to our prepossessions. Hunter’s 
demo!istrations of the epigenetic development of the blastoderm 
and initial parts of the chick ^ were not known to Cuvier; but 
the analogous ones of Wolffs he had studied. To the phcnonuMia 
of the blooc1-lak(?s and their union in order to constitute the 
‘circulus vasenlosiis’ of the vitcllicle, Cuvier p])posos the follow- 
ing remark: — ‘ Mais il faut necessairoment admettro qu’il y avait 
line ])rd existence dc quelques eheinins pour les poiiites rouges ; 
car en vertu do quelle force la figure vcineuse scrait-cllc toujoiirs 
composec des memes vaisscaiix ayant la mmiie direction ? Com- 
ment CCS vaisseaiix aboutiraient-ils toujours an meine point pour 
former iin creur? Tons ces jdienomimes nc sont intelligiblcs 
qu’autant ({iron admet quelque pre-existence,’^' 

Haller, who luul made some good observations on einl)ryonal 
development, conf(‘ssed that there was a stage in that of the ctiick 
in wdiieh the ‘ intestinal canal was not visible he would not ad- 
mit, however, that it was not formed, or that it did not }>re-exist ; 
but affirmed that it was too minute to be jiorceived : not until the 
liead and limb-buds of the chick ap|)earcd, was the intestine 
visibly ^ evolved.’ ^ 


* xx. vol. V. ]>. xiv. 

* Tho oMcasomcrif. or imhoxinir (‘emboiff-mont ’) of was dcoinotl, a coiitiiry 

or nioro .%»>, to receive snppoi-r. from tlie ovolution of buds and otlicr parts of plants, 
and from Swanimerdam’s discoveries in the chrysalis, not. only of tlio ])arts wljicli 
afterwaMs form ilic buttortly, as wing-, antotiruc, &c., but also of the eggs which 
Were to be. lai<l in that, phase of life. Uonrict drew an infcronco in favour of the 
same view from his di^;coVfryof tho numerous successive generations i}£ Aphiflrs, which 
migiit be iniprcgiiated by a single copulation. (See, however, cxui'. pp. 27, 39.) 

xxviii", * XX. vol. V. P1.S. Ixviii.-lxxviii. * cccvi". 

® ax’Tii". tom. iv. p. 230. 

’ “ Partes animalls non noviter formantur, sed traiiscunt ex statu ol>scuro in con- 
spicuum.”--xxvjii". tom. viii. acetio 2du. p. 15O- ir>0. Also ‘ Mcinoiro 11., sur la 
formation du Poulet,’ p. 162. 
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To the beautiful demonstration of the steps in the successive 
building up and moulding of the intestinal canal, out of the 
‘mucous layer’ of the blastoderm, Cuvier objects: — ‘ Mais 
ijuand il serait vrai que rintestin sc forme comrne Wolff eroyait 
I’avoir observe, il n’en resulterait aucune preuve en favcur de 
repigenese ; car Je nombril, par lequel rembryon tient a son pla- 
centa, est d’abord tout aiissi large ([ue ranimal lui-meme ; c’est 
en euvelo])pant la portion du jaune (Jui doit rester dans Tintc- 
rieur, que la peau liiiit par retrccir de plus en plus cette ou- 
verture, qui primitivement n’en etait pas une, et par la reduire a 
rombilic tel qu’on le voit dans Icpoulet ou dansl’enfant iiaissant.’ ‘ 

Gcolfroy contended that the dogma of ^ pre-existence of germs ’ 
owed its origin to a metapliysieal explanation of ill-observed phe- 
nomena. To admit that a germ included within itself all tlio 
forms, in miniature, which were afterwards to be manifested, and 
to develope such theory by a matter so indefinable, was to mul- 
tiply, at will, the most gratuitous suppositions.^ Ilis opponent’s 
passages, above quoted, in defence of a doctrine now deemed by 
embryologists to be dead and buried, have hardly other than his- 
torical interest;'^ and 1. should not have recalled them, or their 

‘ a/cvii''. OjiTi. iv. [ 1 . 277. “ Anat. Pliilos, vol. ii. p. 280. 

^ .V pnl(M)iii‘a] viewing with the mixed feelings of his kind the dawn of new 

lighi, wliioli, in IdtiO. began (:o Hood men's minds from the ‘ Essay on the lluinnu 
IJiidtM'.standing,’ oomiiuMiml liis attack by iri.siiiuating* ‘ nnsonndricss ^ in the anilior; 
llk ‘11 called npnji Lncko * to clear hi nisei t* hy <loelaring to tin* world, that he owned 
the doetrine of I ho 'rrinity. as it hath !»(n‘n received in the Cln istiaii Church.’ ( Bp. 
of Worcester’s ‘Answer tc) Lt)cke’s Second Letter/ p. 1.) i'iimlly, ho. charged him 
witli ditfusing principles inconsistent with, ami sapping tlie grounds of, belief in tho 
following a,rticlfS of tho ( ■hrlstie.n faith: ‘the Ivesnnvction of the Body,’ the ‘Trinity/ 
and the ‘ Incarnation of Our Saviour/ It is in referenct* to tlie first article that tlio 
ant agoiiism of ‘ evolution ’ and ‘epigenesis’ curiously com e.s in, Stilliiiglleet. con- 
tending for tlio dogma of the ‘same body/ ag.iinst tlie objection of tho transitory state 
of its particles during life, aihrined that ‘every seed had that body in little wliich is 
afterwards .so niueh enlarged/ and in proof that * it hath its proper orgaiiical parts, 
whieli makes it the same body wdth that whicli it grows up to, tlh. p. lb), refers to 
‘ eertain most aceiirate. observations whereby tlieso seminal parts are disceriieil in 
tJu'iu, w’hieli afterwiirds grow up to that l»ody w’liich wo call corn.’ 

'i’o which Locke replied: “ If that could he so, ami that tin. plant in its full growth 
at harvest, ineroased by a llionsand or a million of times as mucli new matter added 
to it as it had, wlicn it lay, in little, concealed in the grain that was sown, w'as iho 
very same 1)ody ; yet to .say that evm-y miunt*’ grain of the hundred grains containt‘d 
iti that Hu lo organised seminal j^lant i.s every one of them the very .s.'une with that grain 
wliieh contains that wdtole little .seminal plant, and all lho.so invi-sible graims in it, is 
to say that one grain is tho .saino with an hundred, and one hundred distinct grains 
the same with one ; which 1 shall be able to assent to, wdicn I can conceive that all 
tho wheat in the world is hut one grain,” (‘Second Beply to the. Bp. of Worcester,* 
in ecoxxxvi". vol. i. p. CoS.) 

The. chief point of interest, here, is to note how- the latc.^t movement in Science is 
l)ivs.yod into (jnestions of theological dogma. The newly e.st aid i.-ihcvl ‘ riiilo.sopliical 
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subject, were it not that ghosts of ‘ pre-existence ’ and ^ evolution ’ 
still haunt some chambers of the physiological mansion, and even 
exercise, to many, perhaps, an unsuspected, sway over certain 
biological problems. 

.Although in the Debates of 1830, the question of ^ Pre- 
cxistcnce of Germs,’ was the sole one in which, as aj)plicd to 
Embryogeny, I held with Geoftroy Saint- Hilaire, I remained 
the thrall of that/logma m regard to the origin of single-celled 
organisms, whether in or out of body.' Every result of fonnifac- 
tion 1 believed, with most physiologists, to be the genclic outcome 
of a pre-existing ‘ cell.’ The first was due to miraculous interpo- 
sition and suspension of ordinary laws; it contained, potentially, 
all future i)ossibIe cells. Cell-development exemplified evolution 
of pre-existing germs, the progeny of the primary cell. They 
propagated themselves by self-division, or by ‘proliferation’ of 
luimite granules or atoms, Avhich, when properly nourislicd, again 
multiplied by self-division, and grew to the likeness of the parent- 
cells. , 

Those who still hold by this rag of ^ prc-existenco of gernis,’ 
call all organic corpuscles or granules ‘ ccll-geminillos,’ and inain- 
tain that they are transmitted, sometimes becoming developed, 

Tmnsaotion<i’ then, givini? to the w<»rhl tho results of the imi>vovod Duteh nuu*;- 
nifying gUisses, siuno of whieh results — e.g. ‘ s|>eviiiJitozt);i ’ — were interpreted in :v 
way wliich st-eined to help the llipliops view of the resurnjctioii and his inl.erpiH‘tatioii 
of tho t(jxts, 1 Oor. XV. ;j7-4n. I (pioto lioeke’s remark fop its Jiistorieal interest in 
^rieroscopie Anatomy : — ‘ It does not. appear, by any thing I ean find in this text, tliat 
St, Paul here eoinparod the body pr»Khu*ed, with tlie seminal and organieal parts eon- 
taine I in llie grain il spr\jng from, but with the whole sensible grain tlnit was sown. 
Microscopes laid not then discovered the little embryo plant iathesceil; and sup- 
posing it should have been revealed to 8t, Paul (though in tlio Scripture we fiial little 
revelation of natural philosophy), y<*f an argument taken from a tiling perb-etly un- 
known to the Corinthians, wlioin ho writ to, could be of no manner of use to them, 
nor serve at all cither to iiistruet or «'onvlnce them. J>ut granting that those .St. Ihvid 
writ to knew as well as Mr. Lewenhoeke ; yet your J.iordsliip thereliv proves not tho 
raising of the same body/ &c. 

In fVicfc Locke, having been tlrivon by the Uishop to look into tho Seriptural ground.s 
of that article of a pwgressi vely develope<l theological summary or * eri-ed,’ which lie 
was charged by .Stillingfleet wdth urnb-rraining, replied ; *I must not part with this 
article of the resurrection, without returning my thanks to your Lordship for making 
infj take notice, of a fault in my “ Essay.” When I writ that book, I took it for granted, 
as I doubt not but many others have done, that tho »Scripturo had mentioned in ex- 
press terms, “ the resurrect ion of the Inxly;” but upon the occasion your Lordship 
has given me in your last letter to look a little more narrowly into what revelation 
has declared conei rning tlie resurrection, and finding no such expre.ss words in the 
.Scripture, as that “ the body shall rise or be raised, or tho resurrection of the body,” 
I shall in the next etlitioa of it change the.se words of my liook, “tho dead bodies of 
mim shall rise,” into these of Scripture, “ the dead shall rise.’” ( Essay, IL iv. c. IH, 
§ 7. and cccxxxvi". vol. i. j). 668.) > eexmx. cxwi. 
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sometimes lying dormant from generation to generation, indepen- 
dent, autonomous, pre-existing from their primal miraculous crea- 
tion, as descendants, like all higher forms of life ^of tliat one form 
of Natural Selection” into which life was first breathed,’ Darwin 
grafts upon this modification of the old evolutional dogma * his 
provisional hypothesis of ‘ Pangcnesis.’ (ccc viii".) 

In like manner the Evolutionists hold that every singlc-cellcd 
organism, torulc, organic molecule, out? of the body, arises from a 
pre-existent germ ; and that such germs abound in the air, in 
the waters, or wherever any forms of living matter may happen 
to make their appearance. 

* Stud}'in^ iimicr this belief tlie phenomena doserihed in cxlti., I was led to regard 
:ill ‘ cells' nr organic units concerned in dorclopmont and ro[)air as the progeny of the 
primary germ-coil in the ovarium of the motlur, and to be in that smise ‘ dorivatiw.’ 
Savo in the case of tho hypothetical primordial croat<.>(l unit, such primary ovarian 
coll in t.ho^/;/iwaud all sexual organisms I regardcil as impregnated. The <lcrivativo 
cells or organic uiiils propagated theinsolves indcpcndeutly of direct sexual inter- 
(rourse, ; but, tliat they should not bo remotely or indirectly related to tJie act by which 
their scat, the developed organism, came to he, — in which organism, op its partheno- 
gonctically propagated, olTspring, the. ‘cells* subsequently w’ere formed, — was to me 
iiic.ouooivaldo on the then accoptal hypothesis of ‘ pre-existeiiee of germs’ or ‘omnis 
c(dlula e cellule.’ .IMr. Darwin, howev'or, opposes to tim above view tho remark, “ My 
genimules” (-my germ-cells) *‘aro supposed to be formed quite indepeiulently of 
sexual intercourse, l)y each separate cell or unit throngliout tho body.” (reevni". il. p. 

) Vet, bis provisional liyp(»thcsis of ‘pangeucsis’ assumes that they (‘ cells,’ ‘eell- 
gcmmules,’ ‘ units ’ ) “are transmitted from the parents to tho offspring ” (ib.). J3ut how' 
so (in sexual species), save as the progeny or outcome of tho primary impregnated genn- 
rcdl in tbe mother, whence all subsequent dovelojmumt and cell-generation radiat.c<l? 
Take any case in cccvm"., which ‘ rangenesis’ is propounded to explain— and all the 
given instances of varieties, malformations, &c., are from sexual <;rganisms— ns e.g. 

‘ wluni a stag is castrated the gtmimulcs derived from the mitlers uf liis progenitors 
quite fail hi be dovehiped.’ (Ib. ii, p. 300): to each I should reply as to this case: ~ Sucli 
stag first existed as an imprcgiuit.ed unit, in tho oviducal ovum of tho mother. Bv the 
‘ spontiiueou.s tissioii’ or ‘ cleavage process’ it must luive exist e*! as a mass of impreg- 
nated gcmiiiules. A.ssuming, with Mr. Darwin, that somo of these gommiiles w'ere 
derived from tlio antlers of its parent, yet they are not less tho progeny of the primary 
gorin-cell which was formed within the ovarium of tho female and was fertilised by the 
male. It may be a defect of power; but I fail, after every endeavour, to appreciate tho 
‘ fundamental difleronce’ botw'oen Mr. Darwin’s cell-hypothesis of 1 808 and mine of 1840 
(CXLii. p. 6-8). Both of them I now regard as fundamentally (?rroMeoijs; in so far as 
they arc absolutely basi^l on ‘ prc-cxistcnce ’--or ‘ omnis cellula,’ ^tc. No doubt, many 
cells or organic units are derived fixmi pre-existing cells (vol. i. p. 626): the pheno- 
immoii of tho palo or granulated blooil-cells which suggested to me, in 1838, the idea of 
tho goiietic mode of formation of the ordinary blood-discs, is a true phenomenon : but 
such modo of formation is subordinate to a wider law. XTiuler given conditious 
matkr in solution nggregates and shows form; if inorganic as * iTystal,’ if organic as 
‘ spherule’: in tho one the process is termed ‘crystallization,’ in the other ‘ formifac- 
tioii.’ If the lai'go ‘ pale cell' was first filled by llnid holding organic matter in 
solution, the smaller granules or atoms it subsequently discimrged might bo the result 
of ‘ formifactioii ’ ; it is at least a more simple, and I boAievc truer, idea of their origin 
than tliat which ascribes such origin to a mysterious genetic act under the name of 
‘})rolifcratioi].’ — (cccA'iii". vol. ii. p. 374.) 
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§ 428. Nomoffeny ' or Thaumatogmy ? * — The French Academy 
of Sciences was the field of discussion and debate, from 1861 to 
1864, between the ‘ Evoliitionists ’ holdinj^ the doctrine of pri- 
mary life by miracle, and the ^ Epigenesists ’ who try to show 
that tlie phenomena are due to the operation of existing law. 
The analogy of the discussion between Pasteur and Pouchet, and 
that between Cuvier and (jeoffroy, is curiously close. Besides 
the su])erIority in fact and argument, Pasteur, like Cuvier, had 
the advantage of shibserving the pre])ossessions of the ^ party of 
order’ and the needs of theology. The justice of tTanilivs sum- 
mary,® awarding to the chemist the palm of superior care and 
skill both in devising and performing the experiments, and ex- 
posing the inferiority of the jdiysiologist in polemical ability and 
coolness of argumentation, cannot be denied. Nevertheless, 
Pouchet, is rapidly acquiring, in rcfereiure to the origin of monads, 
that position which (leolfroy Saint-llilaire has taken in regard 
to the origin of species. It is a suggestive and instructive fact 
in tlic philosophy of mind and the history of progress. 

Some rare instances, ifi every generation, arb gifted with the 
faculty of discerning the light of truth through all ol)struction : 
when its glimmer is of the feel>lcst their brain rcs])onsively 
vibrates through a barrier of beliefs, pre})osse.ssions, precise logic, 
across thickets of facts deemed to be rightly understood, athwart 
accepted ‘ laws ’ and principles, organised corps of the soldiei*s of 
science, public opinion, &c. ; and tlicsc men never know when 
they ai-e beaten and put out of court; happily, against all liin- 
drance, they persist--^ V /)?/r si muove' 

Pasteur by an ingeniously devised apparatus,'* collected atoms 
in the atmosphere, and described and figured them as examples of 
‘ organised <!orpuscles,’ ^ globules,’ or the ‘ germs ’ of living tilings, 
there floating.'^ In a solution of organic matter, otlierwise unfit 
for the development of life, the addition of some of these germs 
was followed by the appearance, in abundance, of its simple forms. 

To the conclusion that the monads were the consequence, not 
merely the sequence, of the ‘ cnsomenccrncnt,’ it can be objected 
that the atmospheric atoms figured® are not like the observed 
formified corpuscles by Avliich bacteriums have been scon to be 

* v6ivjs^ law, ytvoi, root of yiyifofiai, to ‘Womo,’ or como into being. 

2 Oavfjta, iniraeN-, y^vea. 

® iXcxxxiV'. pp. 112, m. * cccix". p. 2o, PI. I. fig. 1. ^ lb. PI. I. figs. 2-9. 

Tb. quolfiucs corpusdoa organ isers.”-~ p. 28, PI. l'. figs. 2, 3, 4 “ tont-Ji-fait 
semblabks li des germes d’ organ israos iufericnro.s.”— p. 37- Of the varions well- 
marked forms of ova or germs ol lower organisms, I know not any recognisable in the 
figures above cited. 
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built up ; and, that the chemical treatment to which they had been 
subject, in their extraction from the atmosphere, would be likely 
to destroy the vitality of fecund germs, if any were present. To 
the alleged absence of any organisms in the experiments which 
Avere calculated to exclude extraneous germs, and to unfit the 
inliision for the development of any it might cctntain, the graver 
objection aptdics, tliat the microscopic power employed by Pas- 
teur in their search was insufficient. Dik Child,^ in experiments 
Avliich seem to be as exclusive as Pasteur’s, does obtain bacte- 
riuins, discoverable, at first, by a power of l,o00 diameters, and, 
oiM!e so seerf, afterwards recognisable by a power of 7o() diame- 
ters: wliereas Pasteur, iu his quest, did not avail himself of a 
power cxecjeding 350 diameters, and conseciuently failed to detect 
the evidence of ^ nomogeny,’ under conditions as decisive as can 
be lioped in an attempt to prove a negative. Against ‘ pan- 
s|)crmisin,’ or the dogma that animalcules of infusions come, in- 
variably and exclusively, Irom pre-existing germs falling from 
the air, Pouebet records the results of experiments, conclusive 
or satisfactory front tluvir simplicity and case of repctitifui, and 
freedom from need of minute, ambiguous, manipulatory precaii- 
tinus/'* 

A glass tube c-ontainiug a filtered infusion is pla(?ed in the 
uiidtlle of a glass dish containing the same infusion : this stands 
in a wider dish of water in which a bell-glass is placed covering 
the vessels with tlie iniiision. At the end of four or five days 
the tube-infusion has a thick film abounding with ciliate infuso- 
ria : the dish-infusiou has a thin rcti(5ulate film eoiitaining only 
bacteriiims and other small non-ciliate ^ rnicrozoaircs.’ It is 
‘difficult to see hoAv the germs of the one kind of creatures should 
have entered or become developed in the one vessel and entirely 
<IIlferent kinds in the other.’’' 

I refer the reader to ceexn". and cccxxxv". for further ana- 
lysis of tlijc gnninds of the disputants, and proceed to remark, 
tliat the illustrations of the process of development of a Para- 
mcclunP m closely resemble those of the ovarian ovum in Fish 
or Mainiiial, that either fig. 555 or fig. 416, vol. i. of the pre- 

' C'ccxiC'. ® Cl ex". P]>. 122, 135. 

* cccxii". p. 101 : paraplirasilijr rouclict : — * Si Ips a'ufs tombiiiont de ratmosphisri*, 
fotrrrnu le proliMidoiit les panspcniiistos, il n’y aiirait pas do raison an mondp ipii 
l>Ml fairo quo, dans la memo portion d’air, reprouvetto eii soil oonstammont romplio ot 
la ouvetto jamais. Collo-oi moiuc, a canso do sa sAirCaco bieii aiitreineut otenduo, 
dovrait oii rocoltor iiifininient plus.’ — cccx". p. 136. 

‘ ooL’x". PL II. figs. 1 '0, and cccxr". PL I. fig. 1. 
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sent work serves as well as those given by Poiichet, to exemplify 
it. The proligeroiis peliiele, (kie to the resolution into molecules 
of the primarily forinifled bacteriiiins and vibrios of infusions, 
answers to the inolocular contents of the ovisac. In both instances 
the molecules or granules aggregate into groups forming spheroids 
more opakc than the rest (as in fig. 535 ^ a): as the aggregation 
and coalescence advances the sphere becomes more opake, more 
definite; then a clear liife marks its inclusion within a membrane, 
analogous to a ‘ zona pellucida,’ and proclaims its individualisation 
(as in ib. b). Next ap])ears a clear nucleus, answering to the 
germinal vesicle (as in ib. c). Fission of the niieleus is followed 
by that of the monad, wluch may thus multiply itself within the 
primary envelope (C/ilam^doniouas^ OCXLlX. fig. 29), like the 
cleavage-formation of the germ-mass: ciliary organs arc a<*([iiiied 
in both instances, rotating the germ-mass in the mammalian 
ovum, and extricating the monad from its ]>roligeroiis bed; 
whereupon it revolves or darts along, a free animalcule, in tlie 
subjacent liquor of the infusion. 

In neither instance is there any support, from observation, of 
the derivation of g(U'm-raass or of monad by evolution out of a pre- 
existing cell: in ])Oth instances have the ju’occsses of epigenesis 
or building up ah initio been repeatedly seen and traced.* 

In the case of the ciliatc infusory the following arc the primary 
or preliminary steps in the formation of the proligeroiis pellicle, 
or ‘ Biirdach’s mucous layer.’ In the clear filtercii infusion a 
slightly o})alescent appearance precedes the formation of the 
thin su[)crficial film. This consists of molecules of various sizes, 
the most minute testing the highest powers of the mi(*roscoj) 0 . 
These molecules 1 attribute to the act of formlfaction, which 
in reference to organic matter in solution corresponds with the 
crystalline aggregation of mineral matter in solution. SoIuti(ni 
of organic matter, such as clear scrum from a blister, enclosed in 
^ goldbeater’s ’ skin or other close membrane, and inserted I)c- 
ncath the integument of a living Mammal — even distilled water 
which so placed obtains the elements of fonnilketion by endosmosis 
— show its results in the form of granules, white blood-cells, pus- 
globules, &c. These cx]>criinents need repetition and modification 
mainly In reference to the objection that such ^ leucocytes ’ might 
have wriggled their way, like Abannw, from without, through the 

* cccx". pp. 302-388. cccxi", pp. 133-253. cccxii". pp. .121-129. cccxiii". p- 
1046. cc'CXiv". p. 074. cccxv'. p. 107 : MafilcgHZKa spent sixteen consecutive hours 
in olisemnii; this genesis. 
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close texture of the enclosing bag.* In the proligerous pellicle the 
larger .molecules unite end to end, forming bacteriums, or less re- 
gularly into masses composing Torulm : these semi out parts Avhicli 
become jointed tubes, and may terminate in rows of sporules 
( I\mivillinrn) or capsules of such {Asper(jillus). The bacteriums 
may, by further union and confluence, form vibrios. Tlicre is 
iniujh activity, allied in character to the lirunonian movements; ^ 
^Yluch, after a time, ceases, and the brK!teriuins, vibrios, &c. are 
(lecomj)osed to constitute the secondary series of molecules in and 
from wlii(*h the development of the higlier ciliatc luftisory takes 
place. The formation of the proligerous pellicle or ^ secondary 
histolytic mass of molecules by the primary developments and 
resolutions of the organic material, is analogous to the formation 
of the germ-mass, in ovo, by the successive spontaneous fissions, 
assimilations, and ultimate coalescence of the progeny of the origi- 
nal germinal eel!. 

To meet tlie inevitable (piostion -of Whence the first organic 
matter ? ' tlu^ .Nomogenist is reduced to enumerate tlie existing o!e- 
meuts into wliieli t'hc sim[)lost Jiving jelly (^Proiofjene.s of l licckcl) 
or sareode (^AniafKf) is resolvable, and to contrast the degree of 
proba!)Ility of such (‘lements combining, under unknown oondi- 
lious, as the first step in the resolution of other I’orees into vital 
force, with tlie d(*gree of probability remaining, after tlie obser- 
vations above roj’orded, of the interposition of a miracnlons power 
associating those elements intoliviiig germs, or forms with jiow'ers 
of propagating their Kind to all time, as the sole condition of 
tlieir ubiquitous inanifestatiiiu, in the absence of any secondary 
law thereto ordaiiK’d. 

Ill I Iris, tln^ last irencral summarv of wo)*k whieli I am likelv 
to find time to com] dote, the expression of belief on one or two 
jioints where* jiroof is Avaiiting may be condoned. Tlte chance 
of its Ixiiig a help, or encouragement, to any younger, more 
vigi irons, mind, liont upon grappling with such problems, outweighs 
any anticipation of trouble conse<iuent upon the avoAval. 

It: seems to me, then, more consistent with the present phase of 
dynamical science and the observed gradations of living things, to 
•suppose that sarcode or the ^ protogen al ’ jelly-speck should be 
forma ble throimh concurrence of conditions iavouriufj such com- 
bination of their elemeuts and involving a change of force produc- 
tive of their contractions and extensions, molecular attractions 
Jiiu] repulsions— and that sarcode has so become, from the period 

* n xvn". * ccxvnr''. p. 470, in all Organic molecules, living or dead. 

* cccxxxv". p. 10. 

VOL. rn. . 3 c; 
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when its irrelative repetitions resulted in the vast indefinite masses 
of/ eozoon/ exemplifying the earliest process of ‘ formifaction ’ or 
organic crystallisation — than that all existing sarcodes or ^proto- 
genes ’ arc the result of genetic descent from a germ or cell due 
to a primary act of miraciilou& inter])osition. 

Some, accepting the latter alternative, teach that, while gene- 
rations of the first-created sarcode have descended to us unchanged 
from the period of the Ltiurentian limestone, other sarcodal off- 
spring have develhped and improved, or have been selecjted, into all 
higher forms of living beings. I prefer, however, while indulging 
in such speculations, to consider the various daily nomogcneously 
developed forms of protozoal or protlstal jellies, sarcodes and 
single-celled organisms, to have been as many roots from Avhicli 
the higher grades have ramified, than that the origin of the whole 
organic creation Is to be referred, as the Egyptian priests did that 
of the universe, to a single Egg. 

Amber or steel when magnetised seem to exercise ^selection’: 
they do not attract all sul)staiiccs alike. To tlie suital)le ones at 
due distance they tend to move; but, tbrougll density of consti- 
tution, cannot outstretch thereto ; so they draw tb(i ‘ attract(M.l ’ 
substance to themselves. If the amber be not rubl)ed, or the 
steel bar otherwise magnetised, they are ^ dead ’ to such ixuvor. 
The movement of a free body to a inagiiefc has always excited in- 
terest, often Avonder, from its analogy to the self-motion so com- 
mon and apparently peculiar to ^ life.’ 

A speck of protege nal jelly or of sarcode, if alive, shows ana- 
logous relations to certain substances: but the soft yielding tissue 
allows the part next the attractive matter to move thereto, and 
then by retraction to draw such mattei* into the sarcodal mass, 
which overspreads, dissolves, and assiniilatcs it. We say that the 
Protogenes or Arnceha lias extended a ‘ pscndo])od,’ has seizcnl its 
[jrey, has drawn it in, swallowed, and digested it. JS’o "organs,’ 
however, are recognisable ; neither muscle, mouth, nor stomach. 

If the portion of iron attracted by the magnet became blended 
with the substance of its attractor, the analogy thereto of the act 
r>f the abamifa Avould be, perhaps, closer, more just, than that 
other amilogy which is expressed by terms borrowed from the 
procedure of higher organisms. 

From certain knowledge of the homogeneous, by some termed 
" unorganised,’ texture of Protogenes and Ahcema^ we cannot pre- 
dicate of their having sensation or exercising volition. Given 
" life ’ and suitable organic substance at due distances, the act of 
making contact seems ag- inevitable, as independent of any voli- 
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tion of the abccina, as in the case of amber or steel, given ^ mag- 
netisation’ and attractable substances at due distance. 

The term ‘ living,’ in the one case, is correlative with the term 
^ magnetic ’ in the otlicr. Devitalise the sarcode, unmagnetise 
the steel, and both cease to manifest their respective vital or 
magnetic phenomena. In that respect both are ^ defunct.’ Only 
the steel resists much longer the surrounding decomposing 
agencies. • 

t? ... 9 

A man perceives a ripe fruit : if he can and will, he stretches 
out liis hand, plucks, brings to his mouth, masticates, sw'allows, 
and digests it. 

The question then arises whether the difference between such 
series of actions in the man and the attractive and assimilative 
movements of the aintcba, be less or greater, than the difference 
between these acts of the amaiba and the attracting and retain- 
ing acts of the magnet. 

More may be said on both questions than I have here space for ; 
hilt, when all is said, the question, I think, may be put with some 
confidence as to the quality of the ultimate rejfiy and the affinity 
to truth, and liberty to accept it, in the equal respondent, viz., 
whether the arniebal phenomena are so much more different, or so 
(ssentially difterent, from the magnetic phenomena than they arc 
from the mammalian phenomena, as to necessitate the invocation 
of a special miracle for tlieir manifestation? 

Magnetic phenomena are sufficiently wonderful, exemplifying, 
as they do, one of those sulitlo, interchangeable, may we not say 
immaterial,’ modes of fon^c which endows the metal with tlic 
pi>wer of attracting, .selecting, and making to move a substance 
extraneous to itself. It is analogically conceivable that the 
same Causb which has endowed llis world with power conver- 
tible into magnetic, electric, thermotic and other forms or modes 

force, has also added the conditions of conversion into the vital 
mode. 

Nervc-forcc wc know’ to bo convertible into electric energy, 
and reciprocally : and from the electric force, so induced, magnetic 
and other inodes have been derived (vol. i. p. 357). The direc- 
tion, then, in wdiicli may be anticipated the replies to the ulti- 
mate question, will be toward an admission of the originating 
and vitalising of the primary jelly-speck or sarcodc-graiiule, by 
the operation of a change of force forming part of the constitution 
of Kosmos ; not contrary to its ordained laws, in the sense in 
which ^ miracle’ or the interposition of special creative act,’ is 
lightly understood. 
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But from protozoa,' or pi'otista, to plants and animals, the gra- 
dation is closer than from magnetised iron to vitalised sarcodc. 
From reflex acts of tlie nervous system animals rise to sentient 
and volitional ones. 

And with that ascent arc associated brain-centres progressively 
increasing in size and complexity. Arrest the development of 
the lunnan brain at the point it has reached in the ‘ Aztec.,’ aiui 
the faculty of gen crali sing and giving expression to such gene- 
ralisations is wanting. The Aztecs can articulate w’ords, and 
apply the right noun to the thing, as o.g. ^ bread,’ ‘ chair ; ’ but 
they cannot combine ideas into })ropositions and say ‘ give me 
bread,’ ‘ set me the chair.’ 

For such advance in intelloetiial acts more brain is es.sonlial. 
Compared with the normal state of l)raiiis in the brutes best 
endoAved, so much more cerebral siibstaiu^o is rocjnired, ami ii] 
such position, as to make the great and sudden rise, in the lowe.-t 
grades of man, which is referred to in p. 1-14. 

Thought relates to the ^ brain ’ of man as (hst-s elect rieil v to ih'^ 
ijervou.s ‘ battery’ of the torpedo: hotli an' irrms of Ibree, and 
the results of action of tlicir respective oi’gans. 

Each sensation aflccts a ccrelmal liln*e, and in so alii cting it, 
gives it the faculty (4‘ repeating the action, wherein memory con - 
sists, and sensation in a dream. 

A dog at the sight of a rabbit receives a sensation which in- 
duces a volition, and he barks Avith the exciteim iit (4* the cliasc. 
lie sleeps, and by su])pressed barking and agitation of limbs 
rcA'eals the fact that he dreams. Shall avo obtain any further 
insight into the nature of the act or acts resulting lit this sensa- 
tion, memory, dreamy imagination, ])y saying that the percej)tion 
of the rabbit reaches the ‘soul' of the dog by the allection of its 
cerebral fibres? Is the ‘ soul’ of the deg oilier than the per- 
sonified sum of his psychological manlfestalious ? 

The ‘ sight ’ of the dog is its faculty of vision, the soul ’ ol 
a dog is its power of knoAving Avhat it sees and determining tic- 
cordingly : it may ajiproach the object with every manifestation 
of sentiments of gladness and submissive aftV*ction : it may rush 
upon it with every sign of rage: it may pursue it with every 
mark of excited ardour. 

And these mental •activities can only go on for a time: the 
waste thereby occasioned of fibre and of poAver calls for reno- 

* This is the hotter as well as ohW term ; (uov hoing understood as • life’ genen- 
<*ally, and before development lias dini*reiitiand its inanifcstuliuns into unanibiguuiis 
* vogetiii ’ and ‘aniinui"' inodt s. 
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vation, and this for repose, of the mental organ. In sleep the 
eyes close and sight goes; what then happens to the brain- 
fibres we cannot see nor tell: but tlie sum of action called 
< soul ’ ceases. Deep sleep is utter unconsciousness to Dog and 
Man. The initial steps, and partial resumptions, of brain-action 
ai’e ‘ dreams ’ ; the awakening one issuing, often suddenly, in the 
full blaze of consciousness, 

1 am most averse to travel beyond my proper province ; but 
a general physiological conclusion from tlie jihcnomcna of the 
nervous system inovitahly brings on collision with a dogmatic 
idlirmatiou or definition of the (‘ausc of the highest class of those 
plieuumcna instilled as an article of religions faith into fcllow^- 
( !hvistians, and on which is based their mode of thought affecting 
dearest hopes and highest as})iratJons. It must be repugnant to 
any good man’s feelings to say aught that may unsettle such 
mode of thought, though lie knows that Avhat lie has to impart 
lends truer mid better siijiport to both the faith and the hojie. 

If the hypothesjs that an abstract entity produces psycho- 
logical jihctiomcna by playing upon the brain as a musician upon 
Ills Instriiiuent, jirodiicing bad inusic Avlicn the fibres or cords are 
out of tunc, be rejtK’ted, and these phenomena be bold to be the 
result ol’ cercliral actions, an t)l)jecthm is made that the latter 
view is ‘‘■materialistic’ and adverse to tlie notion of an inde- 
pendent, indivisible, immalerial,’ moiital princijde or soul. 

Wdiat Mnaterialistic ’ means in the mind of the objector I 
iiowlicrc find intclligilily laid doNvn; but it is generally felt to be 
something objectionable, ‘ inconsistent with, or shaking the founda- 
lions of an article of faith,’ as Stillingflcet would have said. 

To this I repeat lioctke’s ansAver, that my faith in a future life 
and the resurrection of the dead rests on the grounds of their 
being parts of a divine revelation. 

If I mistake not, present knowledge of the way in which we 
derive ideas of an outer world helps to a more intelligible con- 
coiition of ‘matter,’ ‘substance,’ ‘ iminateriality,’ &c. than could 
he framed by patristic and medueval theology. To make intelli- 
gible my own ideas in this subject, which the anticipated imputa- 
tion draws from me, I would put a case and ask a (piestion. 

lien Saul at Endor jicrcoived that it tras Samuel,”^ lines 
of force, as luminous undulations,’ struck upon his retina. 
Qu, Were the centres whence they diverged to produce the idea 
of the dead Prophet ‘ material ’ or ^ immaterial ’ ? 

Other lines of force, undulated in another manner, from 

* l Sam, jacTiii. 14, 
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centres, producing the ideas of the dead man’s speech : — Why 
hast thou disquieted me, to bring me up?”‘ Qu. Were the 
centres radiating these acoustic lines of force material or spiritual ? 

Substitute the living for the dead Prophet, and it will be said 
that the points whence the rays of light converged to produce his 
image in the beholder arc ^ material ’ because ^ tangible ; ’ in the 
case of the * spitit of Samuel ’ not. Had Saul stretched forth his 
hand to grasp the vision *it would have met no resistance. Let 
us, then, analyse the sensations from tangible lines of force. I 
stretch forth the sum of forces called ^ hand,’ and exercise part of 
them in a way and direction called ‘ pressure,’ deriving the sense 
or idea of such act by my lines of force being opposed by otlier 
lines of force. To the extent to which my forces overcome tlie 
oi)posing forces, I have an idea of a something giving v/ay; wlien 
my lines of force are overcome by the opposite lines of force, I 
have the idea of a hard or resisting surface. But all that I 
know, after ultimate analysis, is the meeting of opposite forces ; 
of the centres respectively radiating such force I know nothing ; 
and if I did or could know anything I cannot conceive that I 
should get a clearer idea of ^ touch’ than as a relation of certain 
lines of force acting from centres, which may as well be ‘ im- 
material ’ as ‘ material ’ for any intelligible notion I can frame of 
those verbal sounds. 

If a blade of metal could move itself to and fio in striving to 
cleave the space between excited olectro-magnetie poles, and 
could tell us its sensations, they would be those of sawing its way 
through a substance like cheese ; but there is no visible impedi- 
ment: nor, were luminous undulations to vibrate from the hin- 
drance as from the plane, of force resisting the pressing linger, 
would the hindrance be less * immaterial.’ Similarly, if lines of 
thought-force were visible, the ^ ghost’ would not on that account 
be more ‘ material.’ 

The ideas excited by the act of pressure are those of the ^ ex- 
ertion of force ’ and the ^ resistance of force ; ’ if these ideas be 
analysed they include those of the direction of force in lines from 
centres or points. Furtlier than this, my mind, or thinking faculty, 
cannot go ; i. c. can have no clear ideas : I cannot feel that I 
know more about the matter by calling the ‘ centres of force ’ 

^ mp*terial atoms ’ or ^ immaterial points,’ and am resigned to rest 
at a point beyond which Faraday^ did not see his way. 

Having evidence of the opposing force acting in lines from cen- 
tres distinct from and outside of those volitional centres called 

* 1 »Sam. xxviii. 15, “ cccxxxvii." p. 119. 

« * 
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‘ ego,’ the sensation is sufficient for my belief that it is due to the 
reaction of lines of force from outside-centres upon lines of force 
put into action from inside-centres. But I have no ground for 
calling the one ^ material,’ and the other ^ immaterial,’ or either, 
or both. The same result has followed my attempts to analyse 
all sensations and volitions, i. e. I know of nothing outside 
myself of wliich I can have any clearer knowledge by calling it 
‘ material,’ than I have of that which originates ^force from within 
myself, by calling it an ^ immaterial ’ entity, mental principle, or 
soul. 

But, so it is ; in the endeavour to clearly comprehend and 
explain the functions of the combination of forces called ‘ brain,’ 
the physiologist is Jiindered and troubled by the views of the 
nature of those cerebral forces which the needs of dogmatic 
theology have imposed on mankind. 

How long physiologists would have entertained the notion of 
a '■ life,’ or vital principle,’ as a distinct entity, if freed from this 
baneful influence, ijiiay be (piestioned; but it can be truly affirmed 
that physiology has now established, and does accept, the truth 
of that statement of Locke — ‘ the life, whether of a material or 
immaterial sul)stauee, is not the substance itself, l»ut an aifection 
oi‘ it.’^ Religion, i)ure and undefiled, can best answer, how far 
it is righteous or just to charge a neighbour with being un- 
sound in his principles who holds the term ‘life ’to be a sound 

‘ cccxxxvi". vol. i. p, 781. As tlio atithority of a Physiologist, and lato Prosident 
of tlui Hoyal Society may bo cited for ascribing suck vital phenonieiia to an invisiblo 
‘ mental principle,’ (^a) I uinvillingly refer to tlie j’eimirk by which Sir U. Brodio moots 
tlio obvious objoctina of tho divisibility, without destruction, of ucrite organisms: — * It 
is tru<' that ono of our most eolebraicd nuxleni physiologists, from obstu'ving tho 
multiplication f)f p<»lypi by tho tuero division of tho aniiuai, lias oomo to the conclusion 
that the. laciital principle, which to our conccj)tious presents itself as being so pre- 
emiumitly, above all otlier things in nature, one aiul iiuiivisibh?, is nevertheless itself 
(livlsil)Ic, not loss than the corporeal fabric willi which it is appreciated.’ (p. llo.) 
Tho roailcr, eager for new light and guidance toward truth, naturally here (‘xpects the 
tiu t.s and argume-uts exposing tlie weakness or falla.cy of the inference deduced from 
the poly|)i>pheiH>men.a, The solo remark is a charge of that kind called ‘ nrgumrnluni 
0(1 hoininenij ‘But it is to he observed’ (proceeds Sir B. B.) ‘that, great as is the 
authority of Muller generally in questions of physiology, in tho present, instance ho 
is not quite an unprejudiced witness, inclined as he is to the pantheistic theory,’ &c. 
(p. no.) Now, tho charge is untrue: and, were it otherwise, affects not the point in 
<lucstion. Johannes Muller wa.s of tho school of inductive physiologists, opposed to 
Oken and others of tho school of Schclling. * Ho would not accept even the ‘vertebral 
theory of tho skull,’ or ‘general homologies;’ but lulhered to tho parly of Cuvier: 
ho lived and died a sincere member of the Homan Catholic Church. Brodie’s nolior 
td a ‘mental principle’ seems to be a combination of ‘vital principle’ and ‘soul,’ 
Trj/fO/Ltd and 

(ti) Brodio’s, Sir B., ‘ Psychological Enquirias,’ 12ino. 1804, pp. 103, 110, 1G7. 
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expressing the sum of living phenomena; and who maintains these 
j)hcnomcna to be modes of force into wlvich other forms of force 
have passed, from potential to active states, and reciprocally, 
through the agency of these sums or combinations of forces im- 
pressing the mind with the ideas signilied by the terms ‘monad,’ 
‘ moss,’ ‘ plant,’ or ‘ animal.’ 

If the physiologist rejects the tlicological sense of the term 
‘ life,’ without giyi^^g cause for the charge of unsoundness in re- 
ligious principles, does he lay himself more open to the cliargc, 
by rejecting, also, the theologian’s meaning of the term ‘ sjiirlt,’ of 
the term ‘ soul,’ of the term ‘ mind,’ and we might add of ‘ siu ’ or 
‘death’? That is to say, arguments based upon scriptural ex- 
pressions of thouglit-force may be drawn from the like personifi- 
cations of the aberrations and cessation of such force. Both Poets 
and Painters have, in each case, endeavoured to realise and give 
shape to the abstractions. 

AVheii doubting Thomas obeyed the Lord’s command, his 
fingers met resistance l)cIow- what seemed to liim the surface of tlie 
side, and, entering the wu>iind, w^re opposed by a ‘ force ’ exceed- 
ing the ‘ force ’ tlic^y exercised.* The resulting idea w'ns, that 
the ‘ matter’ of onr Lord w^as there, but wanting wdiere the spear 
had penetrated; tlie fact w'as the opposition of a force l)y a force, 
ai’.d the sensation of that opposition. We know of notliing more 
‘ material ’ than tlie ‘ centres of force.,’ Our ideas (d‘ things with- 
out as within the ‘ ego ’ are the action and l eaction of forces, as 
‘ material ’ or ‘ immaterial ’ as the ideas themselvi's. 

In this view^ is avoided the alternative of ‘ideari'::m’ with 
denial of an external world, or that of the personifying the suin 
of mental phenomena as an ‘immaterial indostruetible soul,’ eon- 
tradistinguished from other sums of forces which are as arbi- 
trarily styled ‘destructible matter.’ Sleep, stimulants, drugs, 
disease, concur by their effects in testifying that the kinds and 
degrees of mental manifestations are the result of corresponding 
affections and changes of structure of the brain. 

II<MV the brain works in producing flu»iight or soul is as much 
a mystery in Man as Brutes — is as little known as the way in 
wdiich ganglions and nerves produce the reflex phenomena simu- 
lating sensation and volition. 

* CCCXXXVi", vol. i. p. fjOO. The whole of Locke’s * Sccoofl Bcply ’ to Bishop Stilling- 
fleet may be read, wiih proflt, in relation to the uiiflesignod testimony borne hy 
Physiology to the clear good senee an<l aflinity for truth in tlie Pliilosopher’s remarks 
on the relation of the dogma of ‘ immateriality/ ‘indestructibility/ and ‘separability' 
of soul, to a Christian’s faith in the resurrection of the dead as resting on the grouuds 
of dinne revidation. 
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But it is a gain to be delivered from the necessity of speculat- 
ing where the ‘ soul ’ wanders when thought and sc!f-co)iselous- 
ncss are suspended : or how it is to be disposed of until the 
‘resurrection of the body,’ glorified or otherwise; of which rein- 
tegrated sum of forces ‘ soul ’ will then, as now, be a parcel. 
If the Physiologist and Pathologist had done no more than 
demonstrate ‘the universal law of our being’,' which cuts away 
the foundations of ‘purgatory ’ or other limboj from the feet of 
those who trade thereon, which makes ‘judgment’ follow death 
Avithout consciousness of a moment’s interval,'* they would deserve 
the gratitude of the Christian Avorld. 
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* to mention the kiiulivd bastr of ‘ SpiriUmlists and Spirit-Eappors/ 

* Tor the importance of this conviction to ‘ practice,’ see cccxxxvi", voh i, p. 156, 
§ G3. ‘ In comparing present and future,’ 
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Kingdom : A NIM A L lA—i. v. viii. 

Province : MYIvLENCEPHALA, sen VERTEBRATA - 1 . ix. x. xi. xxi. 
1-4, 10, 20, 350, C IO. 

Genetic Section : Zootoka, i. G; ii. 26G. » 

Tbermotic Section : ILkmatothfrma, 1,7; u. 1-4. 

Chisii : MAMMALIA — 1 . xi. xvi. xxxviii. 6; ii. 2fiG, 297, 300; in. 1,63,73, 190,204, 
219, 24G, 266, 383, 47S, 402, 600, 604, 513, 516, 534, 551, 557, 503, 568, 572, 
004, 010, 032, on, 676, 709, 751, 783. 

Oonot lc Strtum : 1# i. A c k n t a i.i a — ni. 285. 

Siib-cliiss : Asichknckpiiala — ir. 274, 291 ; iii. 127, 138. 

Order: BlMANA —i. xvii. xxxviii.; ii. 292, 553-586; iii. 54, 59, 60, 
70, 72, 88, 132, 147, 322-326, 434-442, 510, 525, 555, 641, 073, 
704, 747i 751, 780, 783. — Hww — i. xii. xvi. xxxr. xxxviii. 302 ; 
u. 273, 274, 291, 292, 293, 298 ; iii. I, 2, 55, 59, 61, 02, 61, 65, 
76, 77, 78, 82, 83, 85, 88, 92 -97, 124, 127-130, 138-141, 143, 
144-146, 148, 149,154,157-159, 101,160,107, 178, 181,181, 
187, 19U, 199-203, 200,217-223, 225, 230-245,252-258, 201-262, 
200, 370, 390, 405-409, 483, 487, 188, 491, 197, 500, 501,507, 
509-511, 514, 530-532, 534, 548,556, 557, 562, 506,570,582, 
583,001-003,008,613, 614-016, 019, 621, 023, 642,673, 676, 
704-708, 711-713, 723, 718-797. 

Sub-class: G YUKXci-.ruAiA — ii. 272 ; ui. 24, 98, 99, 114, 128, 147, 604, Oil. 
A. Unc.ukti.ata ii. 288, 487; in. 128. 

Order: QUADBUMANA-i. xvii. xviii. xx. xxxviii. ; ii. 290, 511 ; iti. 
52, 58, 71, 88, 91, 98, 114, 124, 128, Hi, 147, 150, 162, 180, 
184, 187, 198, 216, 235, 252, 258, 201, 300, 313, 395, 429, 487, 

490, 551, 555, 503, 506, 568, 570, 008, C19, 072, 701. 706, 745, 

754, 780, 783. -Sub oinlcr : CatarkIxNA— n. 291, 517, 531, 513 ; 
111. 210, 230, 252, 316, 432, 487, 496. 599, 673, 703, 716, 780.— 
TiOf/iothfti'S — 1. xxxii. XXXV. — Ti*. (ionlla^ i. xix. xxxv. ; ii. 291, 
523, 536- 538, 516-553, 572; m. 65-59, 71, 127, 138, 144, 236, 

317-322, 134, 582, 601. -Tr. w/V/cr, r. xxxii.; n. 273, 521, 522, 

535, 545; ni. 127, 130, 131, 236, 317, 321, 434, 582, 600, 673— 
IHlhiCtis salyrus — xx. ; ir. 272, 273, 520, 534, 544, 553; in. 
70, 127, 131, 316, 434, 536, 582, GOO, Hyiohafes fiyvdiutyhts^ 

II. 291, 520, 533, 544, 552 — //. lei(cis{'tu% it'20, 5M — II. ayilis, 

III. 53,71,124, 433, 582, 600, 746 ii. 519,543; 


Siiocieg miirlicd with • have not l>cen onatomizctl, or tlio ^wrts (los^erilMvl not swu, by the author. 
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Order : Q UA Dli UMANA--eo7itinued. 

IH. 433 — Nosalis farvatu.% ii. t'jlQ : in. 216, 433, 7+6 — Sfimnopi^ 

tficcus enieilita^ ii. 519, 533; in. 432, 446 — S. nwlahpkiSf ii. 519 
— S, fih'ickularis, m. 433, 416 — Ccrcopifhevus sabcBUSj ii. 533 ; 
in. 236, 433, 434, 600, 703, 746-~C. rubcr^ it. 533— C. ulhogit- 
laris t II. 533 — MacacuSy i. xxxii.— iV. radial us, n. 273, 517 ; m. 
53, 124, 126, 432— rhesus, n. 517 ; m. 131, l imiiiv.s, 

II . 517, 532 — 3 /. sUitmSy in. 703 — M. cynoinolgus, in. 673 — M. 
^mnestrinusy n. 519, 633, 543 — Chpiocrphalus porcarius, ii. 517, 
531, 532 ; nr. 562 — C. Sphinx, iii. 432— C. Toth, ii. 517- ' 
Mormon, n. 517, 531 ; in. 91, 131, 316, 673, 703.— Sub-order : 
rLATYituiNA— II. 291, 295, 515, 529 ; m. 71, 125, 216, 315, 432, 
598, 672, 703, 780 — Mycetes scniculus, n. 519, 53 J ; in. 432, 
595, 745, 746 — Atrles bchebut, n. 273 — A, paniscus, ii. 307, 515 
—^1. niyer, n. 515, 516, 630, 543 ; in. 71, M6, 187, 5{iH--Cebus 
AprUa, II. 529,534; in. 131, 31 5 —t'. capiicinus, ii. 373,516, 
630; in. 543, 598, 672, 746 — C. hypolcucns, ii. 515 — CaHithrix 
sciureus, ii. 615, 530, 543; in. 114, 124, 125, 129, 131, 199, 
715, 746 -C. Spixii, ii. 515— personata, ii. 529; in. 598 
— Nocthora irivirgata, in. 746 — Vitkeeia vkrgsociphala, in. 315 
— Midas rtfjima'nvs, n. 512; ni. 114, 124, 125, 129, 131, 315, 
432 — 1/apaln jacchus, n. 515, 529, 530, 542; iii. 129, 315, 
432, 598, 745, 746. — Sub-order : Stiikpsikuina (Syn, /xmu- 
ridar)^ju 290, 512; in. 124, 198, 216, 235, 314, 395, 130, 525, 
697, 672, 701, 7Si)- Tarsius spirfrum, ii. 512, 528, 512 ; m. 53, 

314, 431, 582, 672 — Afivrocebus pusillns, in. 199 — Otolicnus eras- 
swaudatHS, n. 612, 642 ; in, 431, 672, 780 — 0, Pali, ii, 512 ; iii. 

315, 701 — Galago Moholi, in. 431 — 6r. calabarknsls, ui. 431 — 
Cheirogalnis griseus, ii. 529 — Lemur, i. xxxv. ; Ju Caita, n. 612 ; 
in. 53, 124, 125, 130, 235, 542, 780--/>. 7iignfrons, n. 513; in. 
619, G37 — L. macaco, 529; in. J 4G, 582 — L. Mongo.7, nr. 198, 
395, 562, 582. 597 — L, 7ngvr, ni. 190, 432 — L. alhifrons, in. 91, 
216, 072, 702, 745 — SUnops gracilis, n. 512, 542; in. 314, 597, 
Gpl - St. tardigradiis (Loris, syn.), in. 195, 405, 431, 612, 515, 
701, 702 — St, javanievs, in. i'^l-'-Perodicfkus potto, n. 512, 
528, 511 ; III, 198, 431, 452, 672, 701— Propifh ecus diadema, 
11.512 — Lickanotus indri, n. 210, 512, 515, 628,701 — L. lanigcr, 

II. 628; in. 314 — Ckiromys madagascariensis, j. xxxv. ; n. 612, 
613, 529, 639, 541, 642; in. 63, 64, 121, 125, 198, 235, 252, 
313, 314, 582, 596, 637, 672, 780 — QaLopithveus volans (.syn, 
Tevmmckn), ir. 387, 393, 511. 526; in. 311, 312, 313, 369, 430, 
662, 776— -(r. Pkilippmcmis, ii. 512 ; in. 420, 577, 612, 657. 

Order: CAJtNlFORA — i. xxx%nii. ; ii. 288, 296, 348, 487, 506, 511; 

III. 1, 49, 51, 69, 88, 91, 110, 119, 122, 125, 146, 181, 197, 204, 
215, 234, 252, 300, 327, 395, 404, 442, 485, 495, 523, 548, 561, 
581, 623, 641, 668, 698, 742, 780, 783, 7G0 —Fdida>, ii. 488, 510 ; 
117.51, 69, 116, 118, 125, 128, 169, 181, 235, 328, 330, 369, 
370, 443, 605, 780 — Felts leo, i. xxvii. 362 ; ir. 288, 289, 492, 
493, 504, 505, 506, 511 ; iii. 51, 70, 198, 216, 252, 327, 328, 442, 
443, 485, 496, 523, 535, 582, 596, 041, 671, 7i i— F. tigris, ii. 505 
rn. 234, 235, 523. 582, 671— K leopardus, ni. 19s] 700, 701— 
F.oma, in. 175, 181, 198 — F, juhata, in. 118 — F, caracal, nr* 
198— catus, II. 506 ; in. 51, 116, 117^ 198, 262, 612, 596, 597, 
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Order : CA TiNTV OltA — cnn iimted. 

671, 7-13, 780 — Mac?iairodus, in. 329, 339, 370, 373 — Pterodon, 
111 . ^y69f—Hy(enodoyiy\u. 339, 310, 372, 375, 790 — llyrma vulgaris, 

II. 492, 504, 510; in. 177, 198, 330, 605, 637, 780— -jET. crocuta, ii. 
492 ; in. 329 — Viverra civetta, ri. 492, 502, 509 ; ni. 637, 700— 
V. genetta, n. 510; in. 637, 780 — V. siheMa, in. 670 — Kupleres,* 
n. 510 — IJassaris astuta, ii. 510 — Iferjyestes Ichneumon, ii. 503; 

III. 508, 780 — II. 2 Jenieillata, ii, 510 — //. Mungo, ii. 503 — IViyzcena 

ttdradnctyla, ii. 510; in. 444, 670 — Paradoxurus typiis, ii. 492 ; 
111.331, 445, 780 — Oynogale larhatus, ri. 510; in. 331 — CJale- 
cynns, ii. 503 — Canidcc, n. 289, 492 ; in*. 69, 118, 197, 548, 608, 
780 — Canis, in. 235, 330, 331, 332, 370, 405, 670 — C. australis, 
n. 503, 501 — C. aureus, n. 503 — O. lupus, ii. 492, 503, 593 — 
C. dumesticus, ii. 296, 492, 506, 571 ; in. 118, 156, 215, 234, 
404, 405, 444, 496, 512, 561, 570, 582, 670, 700, 709, 710, 715, 
744, 820 — C. pictus, ii. 510 — C.rufus, ii. 492 — C.vulpes, ii. 503 ; 
111 . 117, 118, 175, 176, 180, 637 — Pricyyiodon, in. 334 — Am- 
phityon, in. 340, 372, 375- - Megedotis iMlandii, m. 234 — 
MuMelid<p, IT. 492, 502, 509 ; in. 234, 333, 608, IHid—Miistela 
•marfes, in. 495, 670, 744 — M. zihcllina., ii. 491 — Puiorius, n. 
501, 509 ; in. 116, 129, 333 — P. ermincus, it. 143, 491— -P. fuio, 
in. 744 — Mephitis zorilla, in. 637 — Mydaus meliceps, ii, 491, 509 ; 
in! 637 — Lutra vulgaris, ii. 491, 501, 509 ; in. 234, 235, 333, 
563, 637) ~ Knhydra,^ m. 234, 333, 336, 445, 780 — Meles 

toxus, 11 . 491, 501, 509; in. 234, 333, 334, 669, 780- 
lahradorea, in. 333, 780 — Ttatelus me/li corns, ii. 501, 509; m. 

700 -Arctofiyx, ill. 333 — Oido arclicus, n. 501; m. 235 — ■ 

Ursid<e, ii. 490, 494, 499, 508; in. 'tH0---Ursus arcio.*i, it. 499; 
III. 118, 234, 329, 335, 371, 595, 669 — U. americanus, in. 745 

- IJ.ftrox, n. 500; in. 143 — U. ruaritiunts, n. 490, 500; in. 
618, 699- - (7. lahiatus, n, 490 — SubursUhe, ii. 509; in. 608 — • 
^uhursus thibefauKs, in, 197 — *S’. ormitus, n. 508 — Nasua, ii. 501, 
508; III. 117, 334, 7m---Aduri(s, ii. 494, 501 ; lu. 334, 445, 780 

— -Procyon lotor, n. 491, 501, 503, 508 ; in. 334 — Areiictis (j^yn. 
Jetidis) alhifrons, ii. 491, 508; in. 445, 491, 508 — Cercoleptes 
candlro/vulus, ii. 197, 491, 509; in, 334, 780 — Phocida* (nyn, 
Pinnigrada), ii. 288, 490, 494 ; in. 65, 147, 234, 336, 780 — 
Prichcchus ros/narus, n, 289, 490, 498, 507; in. 338, 524, 780 — • 
Pkf}ca {Calocrphalus) vitiilijiyis, i. xix, ; ii. 289, 296, 494, 507 ; 
in. 118, 119, 337, 446, 186, 524, 561, 581, 605, 669, 698, 745 — 
Ph. granlandica, ii. 488, 489,494, 498, 507 ; m. 115 — Halichocrus 
grist us, ii. A94: -- Pelagius monachus, n. 495, ^Ol '—Cysto^pfiora 
crisfnia, n. 496, 497 ; in. 336, 524 — Cyst, proboscidea, ii. 496, 
497 ; in. 337 — Sienorhyyickus Icpionyx, ii. 495 — St, stm'^rideyis, n. 
489, 495; in. 336, 337, 369 — Otaria leonhia seu juhata, ii. 496, 
497, 498 ; in. 336, 486 — O, urshia, n. 507 ; in. 216, 234, 618 — 
O, lobata, in. 618 — Ommaiophoca, in. 337 — Arcfoccphalus aus- 
trols, II. 496. 

15. UNnuLATA — I. xxviii.-xxx. ; ii. 280-286, 295, 296, 487; iti. 1, 
128, 188, 340, 522, 623, 732,778. 

Order: ARTIODACTYLA—ii. 283,285, 296, 457; m. 41, 122, 343, 
465, 598, 666, 6(58, 694, 698. — Siib-onler: Kuminantia — i. xxix. 
x.^xi. xxxviii. ; n. 286, 296, 298, 471, 481, 482 ; in. 41, 88, 342, 
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Order : AETJOBAOTYLA — continued. 

348, 392, 467, 515, 622, 624, 667, 696, 737, 7M—Bovida^ii. 472, 
486 ; III. 351. 547, 607, 624, 770- -Eos. i. xi. 362 ; ii. 286, 462 ; iir. 
128, 169, 626, 631, 738--7?t/.v tatirus, i. xxxii. ; ii. 461, 472, 482 ; 
HI. 42-47, 90 — Eos grunniens, n. 483 — Eison^ i. xxxii. — E. euro- 
2 mcSt II. 462, 472, 473 ; iii. 1 96, 351 — E, amerwanus, in. 625, 697 — 
Eubalus — II. 473 ; iii. 233, 779 — E. caffer, ni. 626— 15. moschahts^ 
III. 626, 779 — B. gmi, 11 . 482; in. CM—AntUcpid(p, 11 . 286, 
483 ; III. 624, 625, 633, 634 — A. {Aigoccros) cguina^ ii. 473 ; 
III, 462, 41?2 — A. d&rc(tSy 111 . 655, 770 -A, cervicapra^ ii. 482 ; 

m. 626, 632 — A. riqncapra, 111 . 033 — A. corimta^ iii. 635 — 
A. strcpsiceros, ii. 473; 111 . 77 — A. {CephtUphvs) merg^ns, n, 
473; 111 . 626— X. tmgclaphus, in. 626—^. dama, 111 . 779 — 
A, areas, 770 — A, (Tetraceros) qnadricomis, n. 473; 111 , 625. 
— Antiloeapra amerkana (syn. Dicrumccros) — ii. 473; iti. 625, 
^20- Si vatherium — 11 . 473; ni. 625 — llramitthiruorf, n. 473; 
III. 025 — OvUhe, III. 624, 770 -Capra hircus, ii. 475; iii. 738 
— Ovis arks, 11 . 286, 474, 475; in. 87, 738 — O, ammon, n. 174; 
HI. 618 —0. misimon, m. 018; 0. Viguci, 11 . 474; 111 . 018 -0 
mahara, ii. 462, 474 — CameJopardidis Giraffa, i. xxxii. ; 11 . 286, 
464, 475 , 4S2 ; iii. 47, 49, 75, 90. 122, 143, 196, 471. 595. 031, 
779 — Moschidte, ii. 286, 486; 111 . 770 - Moschas f/ioscluferus, ii, 
460, 471 , 484, 486 ; iif. 348, 349, 351, 4V1, 635--Ar. mpiatums, ii. 
486, 487; in. 472, ■itHZ— Tragidns, 11 . 208, 471, 472, 483; in. Ill, 
120, 1*21 , 122, 123, 351,606,737 — TrJnmnkitSy ii. 484 — Tr, napu, 

II. 480— 7K kamdid, 11 . 484; in. 467, 181, 515— 7>. 

III. 1 iS - I)orc(dIu^r}H7/i, u. 286 — Cervidie, ii. 286, 486; 11 1 . 122, 
123, 627, 738, 779 — C. elapJius, in. 628, 738 — C. dama^ ir. 478; 
nr. 620, 631— C. taraitdus, i. xxxii.; n. 164, 478; nr. 630, 

697 C. davidianus* ui. 628, 630 — C, caprcolm, 111 . 630, 606-— 

C. riifus, III. 631, 007 ^C. sm'plickor?ik, ni. 631 — C. mnnfjac, 

n. 478, 479; iii. 631 — Meg<u;cros, u, 285, 483; in. 351, 628 - 

Akvs, I. xxxii. ; ii. 478; ni. 351, 594, 630 — CamiUUe, i. xxxii.; 
II. 460, 402, 474, 481, 482; ni. 43, 44, 122, 196, 478, 581, 607, 
779 — Camdus, 11. 286 ; in. 48, 349, 695 — C, haclria/nus, 49, 
459, 471, 784 — C. dromedaruis, 49, 784 Auvhenia lama, n. 286, 
400, 470; in. 122, 349, 468, 515, 565, 618 — Aueheuia vkunia, 
II. 470; in. 515.— Sub-order ; 0;V.viyoR.v — i. xxix. ; ii. 296 - 
Mergeopotamus, ii, 286 — Eichodon, 11. 286, 287 ; in, 266, 340, 375 
— Ekiiobune, ii. 286 — Xiphodxm, ii. 2%0---Anoi)h}i1verium, i. xvii. 
xxxi, ; IT. 260,286; iii, 340, 341, 375, 790 — MicTotkf'rium, 11. 286, 
287, 472 — Kniclvdon, n. 286 — Hippopotamus, it. 283, 286, 465, 
466, 470 ; lit. 122, 340, 343, 581 — Ihixaprotodon, in. 347 — Hippo- 
h/uSf ni. Zi^ -llgcgfoiamus, in. 343, 375 — AiiihraadJwriiimt n. 
286; III. Z^^—Dkotylcs, ii. 286, 458, 480, 481 ; in. 213, 340, 465, 
481, 635 — Ch£rifpotamus, ii. 280; in. 343, 375 — Phacocharus^ 
H. 409; III. 195, 213, 346,561, 00\--Suid<B, 11. 469; iii. 122. 
203, scrofa, n. 286, 458, 407, 469, 480,481, 547; ii<* 

123, 195, 310, 343, 344, 345, larvatus, 11 . 469, 470— 

S, hahgronssat 111 . 561. 

Order: PEEISSOJ)ACrYLA---n. 283, 296, 444; in. 26, 121, 352, 458, 

660, 693 — Cortjphodon, ii. 284 ; ui, 377, 792 Piwlophts, 11 . 

284; III. 341, 313, 375, 377, 702— -Hgracotlierium, in. 375, 792 
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Order : PE/ilSS OB A CTYLA — contin iced. 

Lophiodon, u. 284 ; in. 377 — Palwotherium, i. xvii. xxxi. ; n. 
281, 309 ; in. 340, 341, 842, 343, 356, 375, 377, l^^-Paloplothe- 
rium^ III. 791 — Macrauchenia^ ii. 446, 448, 451, 454, 459 — Elas- 
7ftot?iernt7H*, ti.284 — Rhinoceros^ ii. 283 ; in. 49,794 — 7?7^. hidhcus^ 

II. 284, 285, 450, 455; iii. 90, 120-122, 143, 260, 340, 342, 356, 
377, 522, 580, 624, 638, 693 — Rh. sondaiciis, in. 624 — Rh. siinia- 
tranuii, iii. 684 — A7/. OrwelHi, iii. 624 — Rh. Keiloa, in. 624 — Rh. 
thhorhinns, in. 450, 618; Rh. leptorhinus^ in. 450; Rh, oninutus, 

III. 624; Acerothcriimi incisiedm, ii. 286, 455 ; iii. 356, 624, 631, 

742 — fli/rax capansis, ii. 284, 285, 440; 450, 455 ; iii. 114, 120, 
121, 123. 13.3, 143, 233, 340, 342, 356, 463, 565, 567, 606, 664 — 
Ancithcrimu ^ ii. 284 ; in. 792 — llipparitm, i. xxxii. it. 284, 309 ; 
in. 340, 342, — it. 283, 296, 308, 451 ; in. 534, 593, 

016, 737, caballu.% i. xxxii. 360; ii. 285, 305, 310, 

447, 451, 453. 156 ; in. 27, 32, 34. 39, 40, 41, 67, 85, 91, 98, 114, 
120. 121, 123, 195, 212, 232, 340, 343, 352, 355, 391, 403, 458- 
460, 179, 495, 522, 561, 565, 570, 592, 607, 616, 617, 664-667, 
691, 731-736, 778 — Eq. qnagga, in. 418 -Aiyr. schra, in. 448, 
616, 794 — Eq. asinus^ ui. 142, 448, 565, 616 — -Tapirus, ii. 283, 
285, 296 ; in. 534 — T. amcricanus, ri. 444, 440, 455 ; in. 211, 232, 
233, 251, 3 13, 357, 391, 4.58, 461, 522, 581, .593, G06, 664, 694, 
>36, 794 — T. mahif/anuSy ii. 418; nr, 458, 661— 2<?.rc/r7c?«, iix. 
293- -AV6 W<>w, 111, 266. 

Order; PROJWSCIBJA — i. xxxviii. ; n. 282, 296, 437; in. 115, 359, 
457, 660, a{)2-~ Btnofheriirm, ii. 282, 410 ; in. 3 13, 358, 359,378 
— Afa.sfodim, II. 282, 441 : nr, 313, 378 — Eltphas, ii. 282, 296, 439 ; 
in. 49, 06, 75, 90, 265, 343, 359, 360, 361 — E. a/ncamfSfW, 438, 
439 — E. indicus, n. 437, 439, 443; in. 123, 143, 232, 260, 390, 
092, 710 — E. 2irhnitjc7nus, in. 362, 618. 

C. Mutiiata, II. 280,296, 299 ; in. 732. 

Order: JSIRFJ^riA n. 281, 296, 304, 429, 136; iii. 24, 75, 189, 194, 
210. 226, 250, 260, 283, 178, 561, 579, 580, 619, 660, 692, 732, 
Pi Manat us, n. 373, 429, 432, 433; in. 2, 194, 226, 284, 521 
— ilaUcore, i. 361, 363, 365; ii. 281, 296, 429, 430, 133, 434- 
436; 111. 2, 191, 210, 250, 283, 455, 457, 495, 521, 547, 561, 
579, 589. 607, 660, 692— ii. 430, 432, 433; iii. 191, 
250, 521, 607, Q92- Zcuglodon (wyn. Squalodon), ii. 424 ; iii. 266, 
281, 369. 

Order; CETACEA— m. 280, 296, 298, 307, 311, 313, 416, 422, 429, 436 ; 
in. 1, 18, 24, 65, 75, 91, 115, J 16, 148, 149, 158, 168, 194, 205, 
207, 223, 282, 561, 662, 668, 670, 578, 580, 611, 618, 641, 658, 
691, 731 — nal<enldcc,M, 296, 415, 426 ; in. 119,152, 278, 279, 678, 
587, 588, 589, 590 — Balmm Mysticetics, ii. 280,296, 416, 416, 428, 
429 ; in. 143, 383, 452, 568, 732 — B. australis, ii. 423, 426 — B, 
tonginiana, n. 426, 428 — BaZeenoptera, ii. 418, 419, 426, 428 ; 
HI. 1 13, 189, 249, 265, 274, 277, 278, 279, 453, 454, 646, 561, 
579, 587, 669 — Physeteridee, ii. 419 — Physeter macrocephalus, i. 
262, 363; n. 415, 419, 422, 426; m. 231, 363, 688—Euphys€ie8 
shuns, II. 416, 426 ; in. 281, 588 — Monodon, ii, 418; in. 265, 279, 
280-- Ziphius, ii. 419, 427, 428; in. 265 — ParaHjAiius, ii. 426, 
127 — Hyperoodon, ij. 429; in, 153, 454, 621, 00\—Ddphinid<e, 
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Order: CETACEA — cmitinmd, 

ii. 419, 424. 427. 429; m. 119, 1G2, 191, 204, 224, 225, 279, 505, 
587, 588 — Beliihinm deJpJtis^ ii. 417; ni. 84, 01, 115, J20, 140, 
206, 281, 282, 530, 691--2>. tursio, n. 41 6, 419, 427, 428 ; iii. 224 
— D. grUeus^ in. 255, 205, 280 — J). leucas, n. 425 ; in. 281 — 
Pkocrena communis^ ii. 418, 424; in. 75,152, 168, 225, 452, 521. 
636, 554, 587, 691— in. 281— /wm, in. 2%2 -rhifanwta, 
II. 425, 427, 428 ; m. 282. 

Siib-das.«? : Lissknceph.4j.a, ii. 270, 276, 296; m. 16, 74, 98, 99, 108, 111, 
112, lig, 125, 134, 141, 147, 152, 229, 519, 569, 604, 641, 723. 

Order: BEUTA--U. 278, 296,393; ni. 19, 110, 193, 248, 265, 269, 
270, 272, 273, 274, 283, 446, 657, 689, 7S2— Mega fhorium, i. xxxii. 
361, 363 ; it. 297, 307, 402, 408, 41 1, 414, 416, 507 ; in. GO, 162, 
274, 27o-Mghdon. n. 401, 402, 407, 414, 415; in. 102-^ 
Meguhmyx^ ii. 411 — Brady pod idtp, i. 363; ii. 229, 296, 114 — 
Choktpioi didavtyh(4i, ii. 297, 306, 106, 411, 412 ; in; 274, 450, 
578, 586, 69(» — Ch, Iloffmannu n. \()^~-Bntdypus tridarlylutf, 
II. 219, 279, 298. 307, 398, 400, 405, 406, 411,412; nr. IJO, 
484,578,586,090,731 — Dasy-jiodkhr, n. 279, 296 ; in. 193 — 
Glyptofhm, II. 297, 393, 395, 105, 409; in. 271, 27'^—I)asypus 
gigas, ir. 408 — .D,p(h(i, n. 393, 394, 404, 408, 409; iii. 193, -390, 
400,402, 409, 1 tO, 484, 520, 560, 577,689,^600, 731— />. macmrus, 
in, 565 — D. n. 108; iii. 417, 481, 578, 690 — Vriodon, 

nr. 273, 266 — Eiqdirnc/aa, ni. 27^'-Vhtan\yphoriis, ii. 105, 407, 
409 ; III. 2()9— i. 367, 369 ; ii. 279, 376, 395, 404, 
409; III. 210, 231,272,273, 366, 386, 484, 520 ij. 278, 

295 — Edentida, ii. 2dG - Mani^ pentadac/glaf ii. 279, 396, 403 ; 
in. 447, 622— 3f. iongieaudata^ n. 401, 409; in. 205, 232, 612, 
623 — Mymecophagajuhaia, ii. 279, 388, 397, 403, 410; in. 20- 
24, 143, 151, 210, 231, 265. 383, 403, 148, 484, 494, 586, 691 — 
M, didadyla, ii. 398, 410 ; in. 110, 402, 658. 

Order: CHEIIlOPrERA—iu 278, 296, 387, 392; ni. 1, 74, 90,98, 
109, 189, 228, 310, 387, 428, 481, 536, 542, 553, 565, 586, 
612, 657, 689, 730, 77G-~]*icropns, u. 278, 296, 387, 388, 393; 

iiT, 190, 192, 229, 311, 484. 562, 577, 586, 657, 689, 730, 776 

Defimodus, iii. 190, 192, 311, 313, 429 — Moriophyllm, Jii, 192 — 
Artihnts, iii, 192 — PhylUmycteris, ni. 192, 387 — Phylloslomay in. 
310, 387, 613 — Megaderma ^ nr. 424, 613 — Hhinolopknst U- 388 ; 
in. 189, 190, 209,429, 562,613— m. 387, 613— 
in. 387 — Saecolaimm, in. 387 — Bkinopnnia^ in. 387, 429, 613— 
Mormoopfi^ in. 387 — Odlonycterl^^ in. 310 — Noctilio^ in. 387 — 
Emhallonuray in. 638 — Cy.irome1cs tm'ijuatuSf ni. 634— C/i. c?flw- 
datas^ in. 034 — Molossm, iii. 387 — Plecotus^ in. 429 — Vetfpcrtilio, 
II. 4, 387 ; III. 4, 229, 562 — K. mtirinus, ii. 392 ; in. 192, 310, 
429 — V. noctida, in, 74, 228, 730, 731 — V. emarginatus^ iir. 730 
— V. serotimis, in. 657 — SaccopteryXy in. 613, 638. 

Order: INSECTIVOBA-^u. 277, 296, 385-^392; in. 17, 90, 109, 147, 
151, 192, 2r)9, 229, 248, 301, 427, 562, 568, 685, 609, 655, 687, 
689, 730 — Taipida, ii. 296 ;''4n. 98, 152, 304,310 — Talpa europepa^ 
II. 297, 386 389, 390 ; rn. 17, 98, 147, 152, 246, 303, 304, 399, 
428, 520, 560, 570, 677, 620, 656, 688, 729, 776— P cafcay in. 
2 \i6--'Chrysochlori8, n, 389, 392; in. 301, 302, 303, 621, 656 — 
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Ordor: JNSECTIVOEA--co7itintted. 

Coiidylura, iii. 209 — Scalops, iii. 303, 304 — Soriddts^ ii. 277, 
290 ; III. 305, 313, 427, 634 — Sorex araneus, in. 229 — Hydro- 
sorex fodicns, iii. 229, 306, 427 — H, llcrmanni^ iii. 305, 306 — 
AmphL'iorcx fetrayonurus, ii. 389, 390; iii. 305, 306, 427 — 
Solenodon, iii. 229, 304, 305, 427, 428 — Vupaia (syn. G1yso7'cx^ 
Cladofmtes), iit. 192, 307. 427, 428, 689 — Rhynchocymx,^ ii. 390 ; 
HI. 98, 109, 151, 306, 384,427, 428, 560, 657, ^^%—Peirodomxis,^ 
HI. 307, 384 — Bdeoyale^ hi. 307 — Myoyalea (syn. Mygale) mos- 
chata. III. 304, 637 — Macroscehdes^ ii. 385 ; iii, 307, 428, 637 — 
Gymnura^ n. 390 ; iii. 308 — Potaniogcie, hi. 305 — ErmaceidcCy 

II. 290, 390 — Erinacms ii. 4, 297t 385, 390; iii. 18, 

19, 74, 109, 308, 427, 484, 494, 535, 553, 560, 568, 577, 586, 
621, 622, 656, 689, 730, 776, 785—Ericuhf^, hi. 309 — Eehmoj)/!, 

III. 309 - Cr}iMcif, II. 4, 385; hi. 230, 310, 428, 484, 621, 689, 
730 — JSpalacofhei-ii/m, iir. 302, 303, 790. 

Order: h* OH ENT/A Glircs) — i. xxxviii. ; ii. 276, 296, 364-385; 

HI. 1, 16, 90, 98, 147, 152, 193, 194, 209, 283, 295, 577, 611, 
686, 721-729, 775, 784 — Uporida, ii. 364, 378; in. 110, 192, 231, 
218, 296, 426, 553, 560. 570, 619, 686, 687, 770- lArpus timiduH, 
ir. 300, 364, 367, 379 ; iii. 08, 113, 208, 296, 299, 300, 423, 426, 
636, 649, 686, 727, 784 — X. iii. 776 — X. ciiniculn^, 

H*. 378: in. 299, 301, 423, 585, 711, 712, 714, 715, 724, 727, 
781 - .Logomys afpinm, ii. 377, 385 ; iii. 29G, 299, 050 — Hystri- 
cidje, ir. 364 — Ilystrix maUtfa, ii. 260, 364, 372, 373; iii. 110, 
151. 192, 185, 623, 650, 775—.//. alnpha, ii. 3GAr^—Erem^on, in. 
485, 775 — Cercolahcs (s 3 *n. Syncthcres), ir. 367 ; iir. 485, 775 — 
L(Oic/4(‘j'fSf HT. 770 ' Dasyproc fa, ii, 270, 365, 379; iii. 192, 423, 
577, 651, 770 •—Calogciiys, it. 371 ; lu. 208, 230, 386, 399, 423, 
577, 585, 652, 77 o-- Hyd/vK’hucrifSj u, 360, 377, 380; iii. 206. 298, 
387, 686, 775 — Cavia aperea, iii. 308, 775 — C\ cohaya (syn. 
porrcV n. 380 ; ni. 98, 485,652, 727, 77 Hofichoiis, ii. 377 ; 
III. 297, 775 — IlahnKoma, iii. 775 — Capromys Fournwri, iii. 
192, 387, 423, 421, 42,'>, 485, 488, 560, 652, 775 — C, prchnisUiSy 
H. 367 — Clennmys, ii. 378; iii. 2ri0 ~ Myojtofamjts, iii. 192, 377, 
423, 570, 577, 775 — HayoiiA, ii. 365; iii, 230 -■ Hagoslomxis, in. 
209, 560, 686, 687, 77^7—Ocfodon, in. 299, 775, 776—C7iinc7ii77(e, 
n, 370, 385 ; in, 298, 299- Ediimyldte, m, 299 — Fcloxuys, hi. 

^ 775 — Efdiiiiiys, tit. 485, 775 — Anomulitruii, iii. 612, 623 — Myoxits^ 
H. 1; HI. 422, 423, 770— Sc^iur idee, u, 383; iiu GS0—Scit(rus 
rufyariit, in. 421, 424, 649~Sc. cmcrcus, ii. 383; ni. 421 — Se. 
pidmarvni, iii. 775 — Sc. maximus, ii. 383; ni. 485 — Pteroinys 
vofncdlo, 11 . 276, 384; in. 231, 247, 612 — Castor fiber, ii. 364, 
374 ; 111 . 98, 110, 635, 619, 686 — C.cmiadensis, n. 269; iii. Ill, 
231, 422, 636, 653 — Fiber silnHiicm, ii. 375 — Armcola amphibia, 
II. 381 ; in. 209, 298, 386, 421, 577, 653 — Geomys, iir. 565 — 

Saccosfomtis, m. 3BG— Saccomys, iii. 386 — Hipodidts, iii. 248 

Dipus sagiita, ii. 366, 376, 383, 485, G54—A7acfaga, ii. 270— 
Helamys capmsis, ii. 365, 376, 382, 383, 485, 520, 577, 631, 630 
— Spafcix tyjMus, ii. 376 ; m, 246. 3S6 Bat hycrgiis, ii. 381 ; 
in. 231, 240, 265, 269, 296, 399, 422, 424, 560, 565, 687, 776-^ 
On/chTHs, HI. 423, 577 — Oryctcromys, iii. 296 — Otomys, in. 296 
—Merioncs, in. 29G—IIapalotis, ii, 365, 3G2—Cricctus, iii, 386, 
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Order : liODENTIA — continued. 

421, 485— ii. 382 ; iii. 424, CM-Sspcnnophilm, in. 
380 — LonmuSf iii. 485 — ii. 378, 382 ; iii. 200, 290, 
570, 655, GM—Mus ra/fus, u. 382 ; ni. 420- il/. dccimianm, iit. 
200, 230, 421, 485, 493, 776-— ilf. utmadus, iii. 113, 776 —3/’. 
'nie.ssoriiiSy in. 143, 776 — Hydr<mi/Sj ii. 365, 366, 382 ; in. 265, 
300. 

Coin l ie Section : I m p j. A c e N T A l i A — n. 270 ; in. 715-722. 

Sub-class : Lyknchpiiai a— - u, 270, 234, 296 ; m. 98, 101, 111, 125, 131, Ml, 
147, 410, 516, 615, 677. 

Order: MAliSrVlALIA—i. xjcxviii. ; ir. 174, 275. 296, 328 ; nr. 8, 112, 
162, 227, 285, 411, 517, 581, 015, 680, 718, 768-775 - 
III. 14 — llit/hu innSf ii. Wij 503; in. 104, 105, 208, 285, 286, 
420, 774 — Dasyurvs uniuiKs, ii. 260, 312, 343, 359; in. 98, 104, 
286, 111, 585, 606 n. 360, 361 ; iii. 14, 191,398, 

412, 420, 565, 576, 60ri~7>. Mawfi, n. 341-~7>. in. 

191, 606, 681 — D.hmiaruis, nr. 291 -Vhti^engah^ ni. 286, 111, 

412, 420, .*>81, 774 — Jntahmns, nr. 104 — Didrlphis, ii. 275, 341, 
355. 359, 361 ; ni. 14, 82, 98, 105; 201,288.771 -D. mrginiana, 

II. 332, 331, 313, 353 ; m. 101, 191. 248, 411, 682, 769, 773 - 

D. AzarfP, iir. 721 D. opoi^i^nm, in. 584, 648— />. Urbina, ii. 360 

— // concrivora, ii. 332 ; rii. 289, 385 D. f'racht/uro, in. 41 1, 577 

— 1). phihimhT, nr. 191, 420 1), murina, ni. 101-- 77. dorslgcrtu 

in. 681, 682, VtV PhaMudolhtriutn, i. xxxi. ; ir. 350 ; in. 790 

ErrawAcs, n. 3.36, 337, 342, 351, 352. 363 ; ni. 13, 16, 191, 208, 
228, 287, 385, 412, 420, 570, 577, 774 - 7". na^nUi, n. 339; in 
288, 420, 513— P. Gunnii, n. 352 ; iii. 288- -/". lagoth, u. 333, 
335, 338, 310, 313, 316. 317, 352, 359, 363; ni. 14, 228, 581, 
617, (W8— P. ohmda, in. 288, 683— ir. 351, 354 ; in. 

\?y--7ar.sipfs, in. 265, 289 n. 335, 336, 312, 343, 

319; in. 287, 288,294, 302 — lliglavotUvriuni {i^yw.AniphifhrritOH)^ 

I. xxxi. ; in. 287, 294, 302 Vlurjianhu', ii. 350 ; in. 201, 31 1, 790 

- ThjhicoUo, n. 3 1 3, 350; in. 293, 204, Pha tiro! arc to ft ^ ir. 

334, 312, 351, 353, 357, 359; rii. 290, 420, 6 18, 769- 

riara, ru 335 ; rii. 293 PMaugis/a, n. 328, 329, 330, 331, 332, 
331, 336, 337, 341, 342, 343, 341, 317, 348, 349, 350, 351, 355, 
359, 360, 361 ; in. 8, 290, 709 — P7i. Vfdpitni^ ii. 332, 317 ; m. 
16, 289, 290, 398, 420, GOG - P/f. fid ighiom0JU. 565, GIG-Ph. 
ursina, n. 362; in. 290 77/. CovAii, il 331, 315, 352, 355, 362 ; 

III. 289, 290 — Pk. ylinformh, ii. 355, 359; ni. 200 —Petanrus^ 

II. 329-311, 317, 350, 353, 355, 356, 358, 359, 361, 362 ; in. 612, 
770 — /". Tagnandidcs, ir. 343, 352, 360, 362; in. 418, 682, 683 - 
P. 'niacruruft, n. 331, 332, 352— P. scinreus, n. 332,336, 337, 342, 
313, 345, 352 — P, Jhivlvaitir, ii. 336, 315 — Bcnnctiii.u. 337, 

338— /^. (Acrohates) n. 335; in. 290, 336, 338, 340, 

343, 319, 418, GHl-^TIypsigrymnus, ii. 275, 329, 331, 333-336, 

339- 315, 347. 349-351, 354-361 ; ITI. 105, 290, 291, 648, 769 
— IL mtirh/nSj n. 315 ; in. 290, 681—7/. '/iigosurm^ in. 338, 312 

— H. itc.tofiva, II. 315 ; in. 420 -//. {Ih ndroliupfs) ursinm, ir. 332, 

338, 342, 345, 360, 363 ; in. 191, 290 IL \d.) iwistm, in. lOl 

— //. (//.) dorcoccpJuiluiSt ii. 363 , iii. 290, 4J5, ^10- -Ilalmahirus 
Bennettiit ii. 345, 358; iii. GGii -Macroims, ri. 329-345, 350, 
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Order : MABS UPIALIA — contlnmd, 

305-357, 363 ; iii. Ill, 228, 266, 291— 3f. ‘tmjor, n. 266, 345, 
349, 354, 359; in. 105, 291, 411, 413, 414, 420, 446, 560, 576, 

. 681, 683, 752, 770, 772— i4f. Tarryi, in. 415, 576, 606, 680, 718 
— M. yienyMluhiSf in. 416 — M, rufiventer, ni. 291, 379, 385 — M, 
psilopus, m. 291 —ilf. Bninii, n. 345 ; lu. 721 — Osphrantcr, ni. 
205 — JJlprofodon, n. 405 ; iii. 291, 293 — Pkascolomys, n. 269, 
328 -330, 331, 333-345, 347-356, 358-362; m. 98, 105, 111, 
292, 313, 420, 648, 682, 769. 

Order: M()NOTR?:MATA—iu 174, 275, 296, 316-328; iii. 168, 226, 
228, 269, 271, 410, 516, 638, 639, 643, 67*7, 715, im— Echidna, 
ir. 275, 297, 311, 312, 316- 319, 325-328 ; iii. 7, 74, 89, 102, 103, 
128. 147, 151, 193, 208, 228, 265, 383, 385, 396, 397, 409, 610, 
(S\\,^(^l~Or>dthorkynchus, n. 275, 297, 315. 3J8-321 ; iii. 2 7, 
82, 100, 102, 103, 116, 150, 187, 193, 208, 226, 248, 260, 265, 
271, 272, 383, 410, 564, 572, G36, 644, 715-717, 760-767. 

OoJielic Section ; V n e i; M o o T o K A . 

Class: AVK8 -1. xxxviii. 6 ; n. 5-265. 

A. Altuices — II. 7, 29, 265. 

Order: JUPTOUES-n, 8, 12, 19, 27, 32, 41, 54, 59, 63, 71, 72, 81, 
84, 146, 153, 156, 158. 161, 167, 168, 170, 177, 213, 219, 221, 
232 ! 258, 26o—F(dco, ir. 32, 60, 137, 230, 235, 2‘i2 -A^fnr, 11 . 
17,85, 171 — Milvus, n. 116 /In/co, 11 . 171, 220— i. 25 ; 
II. 12, 21, 32, 36, 53, 72, 76, 77, 80, 119, 122, 158, 171, 176, 
220, 2'>0 -Pa nd ion, n. 21 — IlalUfitm, n. 21, 171 — Harpna, ii. 
17 , ^(H—Gypoyccamii*, 11 . 23, 81, 171- - 67//AS u. 17, 35, 40 — 
Vidtnr, II. 19, 58, 69, 139, 174, 185, 230 — Sarcoramphus, n. 27, 
81, 221 — Hieraiv, n. 2'7- ~Catkartes, 11 . 27, 175, 184, 185, 230 — 
Etriyidxe, n. 27, 49, 134, 139-J41, M3, 171, 214, 227~Strh: 
Jlanunea, i. 25; ii. 28, 171, 232 — S. limlicola, 11 . 28 — Syrniiim, 

11 . 175, 181 — Baho maximum, 11 . 110, 242 — Scops, ii. 32 — Surnia 
uluhiy 11 . 67. 

Order : SCANSORES — ii. 11, 28, 81, 265 — Ramphastidte, ii. 12, 67, 173 
— Jiamphastos, n. 28, 130, 131, 151, 177 — BncconidcCy ii. 12, 28 
— OncididxP, II. 12, li77 -Cuetdus, ii. 28, 166, 177, 255, 257 — 
Ofovoiu-yx, II. 34, 36 — Contropus, n, 32, lo-~Picid<P, n. 12, 37, 
116 - ricus, u, 19, 28, 58, 60, 152, 155, ]7^- Masf}phayid(e, n. 

12, 28, 56, 173 - CVy/7^«/.r, u. 31, -Turaaus, 11 . ^2— Coliid<B, 

11 . \2 lViffacid,p, II. 12, 55, 78, 81, 110, 173, 177, 224, 258— 
PsUku ifs, II, 28, 30 , 32,51, 224 — Cahjptorhynchm, ii. 21, 28, 50, 
58, 63 Pf yctvloph as, n. 58, iSZ- ~Microglo8suSy 11 . 58 — Macro- 
ccrcas, n. 58, - Strigvps, ii. 28, 58 — Nestor, 11 , 258 — Liemetes, 

11 . 58 — Lathamus, n, 58 — Pezoporus, ii. 28, 67. 

Order: VOLITORES-ii. 10. 20, 28, 35, 77. 81, 113, 117, 224, 265— 
Cypsdidccy ir. 11, 21, 74, 96, 117 — Cypsdus, ii. 28, 32, 81, 83, 
157— n. 11, 21, 28, 74, 96, 117, 14:7— ■Trochdifs, n. 
22, 32, 59, 66, 81, 151 — Orthondtynchus, ir. 147 — Androdon, n. 
258 — Eitrnaria, ii. 2*14t— Caprimidgidip, n. 11 — Caprimidyus, 11 . 

52, 55, 83, 117, 156, 178, 221, ^P62—Pidaryiu% 11 . 28. ill, 51, 

53, 81 -Coloptvrm, 11 . 221 — Proymudec, 11 . 1 \— JYhndiida, n. 12 
— Merupidte, ii. 11 — Mcrops, 11 . 256 — QalbaUdte, ii. 1 1 — Coracida, 
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Order : VOLITOBES — coniinncd^ 

II. 11 — Copiionldte^ n. 11 — Alcedimda, n. 11 — Alcecfo, it. 161, 
221, 256, 2o7—Todus, ii. 28 — Halcryon, n. 250 — Dacdo, ii. 81 — 
Harjpactva, ii. 28 — Buccrotid(B^ ii. 11 — JiiiccroSy ii. 40, 41, 55, 59, 
63, \7b --Coloplerus, ii. 229. 

Order: CABTOIiE^n. 10, 28, 219,224, 227, 245, 2o%—Thamno- 
2 >hilus, n. 224 — DentirostrcSf ii. 10 — Tyrannm^ ii. 233 — Vanya ^ 
II. 146 — Lanim^ ii. 20, 57, 146 — Furnaria, ii. 22^—Vhiledon^ ii. 
129 — Troylodiftf^Sj n. 2iy7— Motacilla, ii. 257 — Euphmcs, n. 161, 
366 — Curntca hiscinuit ii. 224 — Turdtts musicus, ii. M, 237, 216 
— -T. pilaris t ir. 153 — Meriihi daHylopleniy n. 74 — Coniroslrcs, 

n. 10, 146 Chlamydcra, ii. 2nS—Ptilonorliy?ic/iifs, 258 - Pani- 

disitf, II, 10— n. 10, 130, 146, 257 — C. corax^ ii. 222— 
C, fruyilcguSj ii. 139 — Frajilns^ \\, ‘^'I - Sturnasy ii. 10, 257“- 
CoraciaSy ii. 63 — Caryocainvti\% ii. 157 — Cmcthus, if. 57 — Em- 
herisOy n. 10- ii. 10 — Alauda, n. 10, 257 — Ij^txia, ij. 57, 

1 16, 15^- -(.V^5.^7V.»^?, JT. 32, ZlS—Fnnyiflay ii. 10, \2d>- ■ Fi\ crdchsy 
11. 257 — PyrgitHy ir. 243, 245 — Coecothrausitjs, ii. U) - Pyrrhid ay 
II. 257, 422 — TenuirasircSy ii. 10, 147 — Antliochcrnty ii. 57 - 
CinnyritSyU. 10 — Sittdy ii. 10 — Ccdltia, ii. 10. \ 7?^ — Upupa, ii. 
178, 230 — Fisslrostrrs, ii. 10, 147 -J^loccus, fj. 257 -Hirnndoy ii. 

10, 84, 257 — OldHcapiSy ii. 129, \7\ — Th(uiUHphUuSy u. 224. 

B. ril.EOlK’KS— IT. 7, 265. 

OiHlcr: RASORES-^-iu 10 22, 26, 20, 67, 75, 81, 130, MO, 156, 161, 

164, 169, 171, 172, 219, 221. — 8iiI>-or<ltr : Com.\mmacki 11. 10, 

53, 70, 82, 116, 169, 173, 177, 257 • Ojfumh<jy ii. 10, 32, 49, 58, 
66, 120, 159, 160, 161, 162, 168 — C. (fidiafUy ii. iid — Vinayit, 11. 

lO—Gouray ti. 10, 27, 32, 2d7 ~I>idm, n. 12, 13, 48, 49,^)7 

Pe.jrophapSy 11. 13. — ^iib-order : Gallixackj ii. 10,27, 32, 159, 

17"^ 'llrmipodinsy 11 . 32- 3fer/(rpodins, 11 . 7i- Nmniddy ii. 150, 
220 — PirdiXy ir. 21, 22, 26, 27, 29 — Frmtcolinas, ti. 27 — 
(JoturniXy 11 . 27 — CalUpeplay it. 277 " Pav^*, u. 27, 74, 81 — 
Pdjipkctrony ir. 27 - LophophoraSy ii. 27 — PhasianuSy ii. 27, 171, 
21)7 -" OreophasiSy ir. 27 , 32, 36, (]•) -GallophnsiSy 11 . 257 -• 
Gidlasy ri. M, 27, 118, 122, 159, 203, 243, 245, 248-254, 259- 

262 OriijXy II. 26, 27 — J .ophoriijx y jr. 27 — Ortalidoy n. 220 

— TdraOy ij. 27, 57, 66 2’. uroyalfasy ii. 57, 129, 257 - A///*- 

rhapteSy it. 27, 49 — PterodrSy if. 27, 2i^i}~Mfl<agriSy 1, 20 ; ii. 27, 
2oH—CrfiXy II. 27 , 32, 34, 68 — OuraXy 27, 65 — Peneliype cr'istaldy 

ji. 171 — P. wiraily ii. 220. 

Order: CUIISOHES (syu. Blrufhimidrp) — ii. 12, 20, 53, 85, 13 8, 134, 
153, 171, 221 — RhynchMuSy 11. 55 — TinamtiSy ii. 16, 32, 34, 36, 40, 
53, ^Vy-Apkryxy i. xxxiii. 25; it. 12, 18-22, 30, 34, 35, 36, 38, 
48-52, 53, 55, 62, 63, 61, 65, 66, 70, 74, 75,. 76, 81, 82, *85, 91, 
130, 140, 162, 177. 214, 248, 256, 2h%--PdlaptrryXy 11. 12, 82 — 
JHnorniSy r. xxxiii. ; ii. 12, 13, 20, 21, 33, 35, 48-51, 56, 61-66, 
75, 76, 256 — Apiomisy 11. 13, 43, 48, 50, 58, 75, 76 — CncmiorniSy 

11. 13, 79 — MpjorniSy u. 13, 2i>6 -Casuarius galeaUiSy 6, 23, 30, 

55, 59, 64, 66, 101. 162, 173, 177, 206, 232, 235, 243-6". to- 
7idtiiy u. 64, 138, 139, 140, 11. 23, 24,33, 34, 36, 

52, 53, 64,66, 102, 162, 177, 185, 388, 210, 220, 227, 235, 257- 
7Mm, II. 19, 23, 35, 49, 52, 54, 64, 66, 161, 257, Ul—StrutMoy 
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Order ; C XJ JiS ORES—cmitinued. 

ir. 6, 12, 13, 16, 18, 21, 22, 21, 29, 33, 35, 43-49, 50, 51, 53, 54, 

" 04, 73, 80, 81, 83, 96, 98, 99, 101, 102, 103, 104, 113, 133, 139, 
140, 158, 101, 167, 169, 170, 171, 173, 177, 184, 185, 200, 214, 
215, 219, 229, 235, 243, 245, 251, 256, 257. 

Order: GUAhLATORES -~ii. 8, 9, 15, 23, 49, 60, 67, 80, 81, 112, 115 
— OHs, H. 23, 20, 82, \^‘6--~CJMradrius, ii. 82, 2o7‘---(Edk‘nemtis^ 
ii. 20, %'2 -Vandlus, u. 49, iy^—lLfiuuitopus^ ii. 82-- Tachydro- 
v««.s‘, 11. 82 IT. 173, 178 r -6'. viryo, ii. 23, 81, 177, 220, 

213 - G. AnVftjnnc^ ii. 23. 81, 220 — G. chorea, ir. 58, 218, 220 — 
G. S/n?dc//a}i((,% ii. 220 — V.'iophitij Ji. 21, 23, 32, 07 — Cancroma, 
II. 01, 118 liaffCiiicrps, n. 01, 148 -Ardea, it. 22, 39, 147, 163, 
232, 257~ Ciooiiia, it. 23 — C. anjala, ii. 51, 162, 217, 218, 219, 

220 — G. aVm^ ii. 257 Myd(>r\a^ ii. 117 — Tantalus^ ir. 57 — 

Plulalca, II. 23, 82, [‘lS~Scok>pax, ii. 23, 26, 32, 54, H2—Nume- 
'jiius, II. 20, 61 -Uhyt\cli(B(i uudraliii, ir. 220 — Lhywsa, ii. 23,26 — 
Trbuja^ n. 20 — 258 — Tot<mvit,u. 2Ci-~ Recur virosira, 
II. 01 — Parra, ii. 74, 256 -Palamedm^ ii. 74, 232 — Rail ns, ir. 113 
Porphyrlo, n. 57 — Ao/oni/.?, i. xxxiii. ; ii. 21, 23, 24, 

Ihiida, IT. 113 — Fnllca, it. 113 — Glareoht, ii. 2^-‘-Brac}njpferyx, 

I. xxxiii. ; ii. 24, 20. 

Order; SATATOUKH (Syn. Pahmpcdcs), ii. 8, 9, 24. 29, 61, 07, 75, 
82, 113, 103, 170, 172, 177, 219, 232 -Phtpiiicopferiis, ii. 9, 16, 
23, 82, 1 19, 152, 157 -LamrJlirosfraUe (Kyu. AnatkRr), ii. 9, 26, 
31, 61, 172, 112, 123, 151, 153, 161, 21H -Cyffnns, i\. 9, 127, 
128, 130, 139, 110, M8, 151, 161, J04, 165,^187, 212, 220, 
229, 230, 241, 241, 255, 265 — O. afi'afns, ii, 241, 2a7— Crreopsis, 
w, 2Xu -Ansrr pitlasirisri\. 118, 120, 123, 136, 130, 142, 144, 

1 18, 152, 161, 178, 181, 193, 200, 209, 216, 220, 221, 229, 245, 
264 — A. gmnfinisi^, i\. 74 — Aaasficscit, it. 220~ -A. setuipalmata, 
IT. 220 — A. sandricrnsis, ii. 207 - A. clitnynht, ii. 220, 225 — yi. 
hoschas, IT. 32, 130, 140, 118, 190, 193, 235, 2\\~~- A. }nosc1mta, 

II. 230 A, rnfpiumr, it. 257 — A, (6V/.syzrf{/) rutila, ri. 257 — 

A. sponsa, ii. 2a7 -A. gaUricnlata, ii. 2o7 —Bi:rinra, ii. 83 — 
Mcryns serraior, n. 1 19, 220, 225 - .1/. mrryavser, ii. 220 — 
M. cih-nllafus, ii. 2^7 —Podireps, ti. 25, 31, 34, 30, 54, 82, 174, 
IHS —'lof f pa/ mafer, ii, 9 — Pi/vranns^ ij. 23, 26, 31,40, 64, 70, 103, 
118, 153, l7ui/acrocorax carho, ii. 61, 157, 163 ii. 

23, 51, 71, 130, 157, 101, \(y^~ Plofnf^, u, 9 -P/in'cton, ii. 9 - 
Tiichypcfrs. ii. 9, 21, 23, 34, 63, 67, 08, 70-72, 7/i~' Lonyipdniatir, 
11 . 9, 72, 205 — Diomcdtca, ii. 9, 15, 23, 31, 01, 67, 71, 82, 116, 
255 — Ifa/adronuty ii. 82 - Pmr//(/r/V7, ii. 9, 23, 31, 131, 165 — ■ 
'rhalassidroma, u. 21 — Lams, it, 9, 119, 255 -Les/ris, n, 255 — 
Catarr/iacUs, it. 16 — Sterna, ii. 9, 7X\ ~~R7ty neaps, ii. 9, 57, 147 — 
Brevipenfinttp, ii. ^ ~Co/ymbns, ii. 9, 28, 31, 34, 54, 61, 71, 75, 
78, 82, 1 13, 178, 190--(/nVi, 19, 25, 31, 34, 36, 57, 82, 83, 257— 
Phaleris, 19, 25 — Frattrimla^ ii. 61, 257 — A/ca, u. 17. 21, 24, 
25, 103 — A. impc7ini$,u, 21, 25,41, 56, 58, 71, 214 — Sp/ieniscus, 
IT. 2i)Xit—Aptcnodyies, i. 25; ii. 9, 16, 17, 25, 31, 41, 06, 67, 69, 
156, 180, 214. 

C. Urotoni. 

Archcopteryx, ii. 13 — Sp, Arch, macrtints, 38, 74, 586. 
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Class: REPTILIA, i. 5, 169, 181, 198, 216, 290, 309, 321, 327, 337, 317, 386, 433. 
418, 453, 458, 500, 601, 605, 616, 627, 630, 637, 550, 56,3, 565, 579, 614, 616, 
630. 

Sub-class : Monopnoa, i. 7, 9. 

Order: VTEBOSAUPJA, i. xxxviii. 6, 18, 70, 161, \l^y --Plerodactyhi^^^ 
I. xxxviii. 18, 70, 158, 161, 176, 177, 205, 405, 406 — Ram- 
l)horhynchus, i. 18, 70 — JMuiorphodijn, i. 18, -105. 

Order: DiyO.^AVRIA, i. 18, 70 -J\1fijaJosaurm,\. 18, 387, 400, 405- 
SixUdosauAiSj I. 18, - CardiodoUy i. 387 — hyhfosauritsy i. 199 

-—lyuanodoHy i. xxxviii. 18, 387, 403. 

Order: CROCCWILTA, i. 17. 65, 135, 406, 510— i. xxxviii. 
17,69 — 1. 17, 198 — Gonitipholis, 1. 199 — 

I. 409 - Valaosanras, i. Chtdeiodon, i. 387 — Opisthocaluu i. 

17, 6\)—S^rrptofipo?id?/l}ts^ i. 17, 31, 69 Cciiosairras, i. 69 - 

Rrocadia, i. xxxviii. 17, 69 — CrocodUns, i. 25, 135, 173, 188, 190, 
263, 323, 439, 638— C. r/c/zto, i. 66, 67, 157, 219, 510 -6'. 
catHi^, i. 67. 68, 139, 145, 223, 341, 349, 106, 451, 526 
Cha/apm (s)*n. AUifjator p(dp>rhrosti), i. 198 C. triijonaia, i. 198 
— 6'. yihfnirpjit i. 198 -6'. /v^ciw.s-, i. 00, 67, 70, 13tS- - 6', nifjra, i. 
138, 400, 451 — C. mmisippie7t.«i(>, i. 408, 416, 450 — Gacitdh'if i. 
406, 451. 

Order: CHiaoyiA. u xxxviii. 16, 60, I2G, 171, 184, 231,295,385, 

617, 649; ii. 314 ; iii. 313, 522, 579, QH) ■ ■ C/tchnr, i. 17.26, 
17L 173, 185—67/. )nyda.<, i. 120, 128, 189, 292, 293, 295, 297, 
313, 323, 328, 331, 340, 348, 440, 442, 414, 445, 453, 525, 

618, 638 -67/. iad/rica/a, r, 445 — 67/. varelta, r. 01, 63, 416, 

450, 454, 560 Ch. phntirfp.% i. ^Ch, pnhdirh'cpa, i. 135 

Plcnroiitimon, i. 6-1— S/>////r/y/.^, 61, 62, 557, 559 561, 618 - 
Chefydra (.“yn. Chfdonura) serpfntbtn^ 131, 136, 417, 450, 451, 
525,’ 560, 561, 587, 018, 638 C, Iha.i.iaakib r. 131, 135 - 
Trhmyx, i. 17, 61, 62, 63, 131, i:34, 186, 187, 139, 327, 3.31, 
385, 418, 526, 530, 541, 557, 583, 615 y>Yn/////.p, i. 13(», 131 - 

Gyiirnojyifs, i. 61, 130 fiputi/cr, i. 615 — Plafi/prlds 

./W, I. 416, 615--67///y.s i. 172, 178, 187, 327, 331, 509, 560 

AV«//.y, 1.17,61.64,1 27, 130, 1 3 4, 1 87, 451, 639 E. (syn. Cisltafo) 

cnropcen, i. 60, 61, 131, 132, 173, 186, 187, 231-242, 322, 339, 
310, 441-445, 447-150, 154, ICl, 501, 510, 529, 541, 582, 583, 
i)WI - K, picta, I. 618, 639 - A\ scrraia, i. 446, 450, 151, 501 /v. 

rcLlaalata, t. 446,450, 154, 501 — E. trrrapm,!. 150, 
tn.u)7f/ui}j, I. 52G 1.618 — IJydraspi.'i, j. 180 /Vy<7i)- 

i. \?r\ - - Emyda Cf^yhjuvihds^ i. 557, of)H—Cn/pfopi!fi 
Peh'rm, i. 557 — Chiosffirnoji^ i. 61, 560, ~ -Piychcmys r>i<io,<o, 

I. b'lV) - -Itot)W]ms, 1. 173 — TvnUt.do, i. 17, 61, 64, 157, 174, LS6, 
292. 344, 385, 451, 558, 559, 560-7’. ynecn, i. 188, 313, 3M, 
340, 445, 452, 459, 509, 529, 592 — 7’. imlka, i. 327, 415, 562 - 
T. elephant opasi, i. 65, 88, 452, 529 — 1\ taluhita, i. 187, 445, 
529, 511 — T. p<dyph€7nns, i. 446, 450, 454, 526 -7’ Couciy i, 529. 

Order: LACEnTJUA ^7, 17, 07, 154, 175, 387, 399, 508, 525,531, 
555, 581, 583, 585.- Sub-order : Ci.’.\tacu«a : l^rotoro.w.rus, 1. 
405. — Sub-ordor: Natantia — i. 17 — Mosamvrni*^ i. xxxviii. li>7, 
401, ii)2~~Lciodo'n, i. 387. — Sub-order; Iviii'ii.NTiA- 1. 17'--^''^*''^^* 
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Ordor : JjA CER TILIA — con tinned, 

Varanus^ i. 58 — V, nUoticus, i. 155, 17*1, 190, 191, 339, 386, 
404 — V. bivif tains, i. 404 — variegaius, 404 — Monitor, i. 445, 
638 — Jiegenia ocellata, i. 525 — CrocodUvrus, i. 556 — 2’upinamhis 
te^jnenein, i. 401 — Tejus nlffropunctaius, i. 156, 158, 388 — Croco- 
ddarits, i. 546 — Lcwertuhe, i. 58, 157< 401 — Lacerta, 58, 174, 
292. 401, 433, 57B. 633 — L. agilis, 401, 529, 592, 617 — 

Jj, oceUata, i. 440, 508, 544, 580 — -L. murieata, i. 544, 555, 565, 
567 — />. bilincata, i, 586 — Z,ofd oca i»mr alls, i. 583, 587, 599 — 
2\tchydromi(s^ i. 263, 401 — Psammosaurus grlscits, l. 519, 565, 

617 — Phrf/nosoma, i, 403, 555 TropUlurHs, l. 556 — Ilopltirus, 

1. 556 — 4 45, iVlii- Hitpcranodon, i. 403 — Ardiscosoma, 

I. 145- — Anuiva, i, 567 445, 555, 586 — lAalis, i. 

557 — 7W>pit/o/rjds, i. 403 — Otncryptis, i. 402 — Xipkosunis velifer, 
u 198 — Lf-^phprvs Jjasi/tsius, i. 402, fyiiO - His tiaras (syn. Lo- 
phura), I. 60, 1'J8, 40*2, Draco vohms, i. xii. 58, 156, 

175, *264, 268, 433, 434, 441, 445, 149, 451, 556, 580 - C/du- 
9n?/dosazir2f.'i^ t. 556 — Callisaurus, i. 403 — Cyclura, i. 198 — 
CaJolrs^ i. 10*2 — Galloics, i. 415 — J(pt(tnld(/\ i. Wl- -Tyuana, 
I. 57, 157 ; H. 21 — Lj. tHbr.rcalata, i. 60, 158, 159, 327, 403, 556 
— Aft'lopoccros, I. 103 — Amhiyrfiynchus otcr, 1.403 — ISemiophorvs, 
I. 550— -Poly chrits, i. 525 Cvrythophancs, i. 556 — Anolius, i. 49 
~Cii:c.K'0(lda\ I. 263, 520 —Gecko, i. 567 — Plyodactylus jimhriatiis^ 
1. 5*25 Plafydacfylvs cfuUahffi, i. 449,520 — PL vitfa/us, i, 529 — 
PhyU'urifs, i. 55(i — PtatarnSy 1.554 Ascahihoics, i. 529 — Pyyop'iis 

/f'jfidopus, I. 557 — Zonurns, j, 555 — Zonosaurns, i. 555- 7Vibo~ 

lonoiuti, I. 505’ - Trachysaurus, i. 555 — Hhynchocephaltts (syii. 
Jlattiriii), I. 57, 154, 159, 888 -Chit mcho, i. 58, 156, 175, 178, 
191, 436, 439, 452--C//. bifurcits, i. 156, lOA-Scmcidce, j. 198, 
388 i. 175, 198 — Sc. oflicrnalis, i. 401 — Cyclodus, i. 58 

— -C, nlytr, i. 155, 198, 387, 388, 402 C. uiyroluiens, i. 402, 

-'fUiipm iicincdifl(.s, i. 108, »V27. 580 -.S'» />>', i. 401 — Chalcis, 

1 . 525- Pift'ud opus, j. 57, 459, 525-- Pipes tepidopus, i. 525 — 
Chiroif s, I. 555 — Oiybisaiiras, i. 158, 555 - -Anyuis, i. 59, 158, 
330, 447, 451, 524 ; ii. 05 -A. fray d is, i. 417, 524, 543, 580 — 
A/nphi.sbrez/idfe, 1. 59 — AynphiAurna ftdiyinosa, i. 153, 313 — Am, 
alba, I. 386, 451, 555 — Hpido.strrnon, i. 120, 153, 

Onlor: OPJUDIA- 17, 53, 146, 224-231,261,291, 338, 348, 393- 
398, 410, 118, 451, 460, 500, 501, 503, 507, 524, 531, 538, 541, 
553, 579, 585, 634-637, 610 — Zbr^/ a*, i. 395 — 'Pyphlops, i. 348 
Rhmophis, i. 318 — Hoidie, t. 338 — Doa, i. 528, 539, 5-10, 554 
- Ii. cojistriclor, i. 56, 291, 617 - Python, i. 60, 148, 2*25, 292, 
151, 459, 520. 55i — P.liyris, i. 56, 147, 224, 228, 316, 338, 394, 
453.519, 524, 539, 551, 565— P. ScJdeyelii, r. 555 -P amethysH- 
n:!s,i. 558, 565— P. birittatus, i. 617 — Eryx joetdas, i. 55 4 — 
Xenodrrmusy i, 554- Cohihridw, i. 395, -453 — Otiyadon biior- 
tjuafi-ts, I. 395 — Drirodim. (syn. Rachiodon) scaber, t. 56, 57, 393, 
440 — J)cndrophis, i. 261 — Psamynaphis, i. 446, 450 — Coltdter, i. 
4 47 — C, ynitains, i. 446, 450 -C, constrictor, i. 446, 450 — 
Klaphis 4^dineatns, i. 580 — Dipsadidee, t. 338 — Dipsos cynodon, 
I. 305 -Pf/.wW^7, I. 327 — Dryinus nasutus, i. 8^5—-Vryophis, i* 
327. 338 — liuccphalus capensis, i. 395 — Eafricuhe, i. 394, 555 — 
Nairix toninata. t. 520, 524, 539, 555, 592, 616, 634, 635— 
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Order : OPHWIA—continued, 

Jleterodofi Qiiffer, i. 440 — Homu/opsL% i. 395 — Herpeton tenta- 
culatum, I. 327, 555 — Dispholidus, i. 451 — HydroidikUe^ i. 554 
— Hifdrophin, 1 . 307, 397, 444, 503 — Velamijs, i, 448, 554 — 
Naikhe, i. 50, 555 — Uumjarus, i. 554 — Naht, i. 225, 231— tri^ 
pndianii, i. 54, 397, 524, 555 — Viper ida?^ i. 524, (S\Q—Vipera 
berus, 1 . 338. 397, 563, 580, 616, 036, 037-“ /" Cfrasfea, i. 554, 599 
— V. {I^^d/idmf) ark fans, i. 524 — Crota/idu>, i. 55, 152, 225, 554 — 
IVit/o/iocepbahiS, i. 398. iioo- Croialus htirridus, i. 56, 394, 395, 
398, 441, 5 * 55 — 6V. adamantcus^ i. 446, 450, 464 — Cr. dicrmus, 
I. 1^27, 228, 229, 539. 

Order; AXOMOOOy'rLi,!. 10 — DlepucHlontidiP^ 1 . 10 — Viryaodon^i, 159, 
160, 399 — I). iiprkepSj r. 192 — Ptf/ehognathuii^ i. 400 — Crypto- 
dontidte, i. 16 — Oadenodon, r. 385, 100 — R/iynchosauruSj i. 385, 
400. 

Order : i^AUROVTERYGlAs i. xxxviii. 16. 51, 388 — Phsiosduru,^, r. 16, 
51. 52, 181, 330, ‘^SS -Po/yp/yr/iodofi^ i. xxxviii. 387 — Piiosa/fras, 
I. xxxviii. 16, 53, 171, 387 — Spbnio.<ddntit, r. 53 - 
I. 16, 53, \S2 - P/tf cod i(.<, I. 10, 387 7(iayt‘trt>phciiit^ i. 53. 

Order: ICnrUYOPTERYGIA. i. xxxviii. 15. 50, 158, 170, 388 - 
L hthyo!<(iHrn.<, r. 16. 158. 170, 171, 181, 330, 339, 304 ; iii. 281-^- 
Ivh. ctftiituuHMi, I. 50 Ick. tenuivodrUy 159, 

GeiU'tio Section : 15 u a .v ( ii o o t o c a. 

Sub-clafti.s : Dir^fOA -r. 7, 8. 

Oixlcr ; PA VRACrilA-i. 1 5, 10, 85, 171, 501 , 5 1 2,550, 552, 570, 579, 583, 
591, 590, 619- Hub-ordc.r: THKi{ioM«>i(r!iA ( syn, AHOura)~-^, 15, 
533, {VP,)- -Ay7osf>((, I. 15 - P'rpido\ r. 327 - Pip a, i. 15. 34, 10, 49, 
50, 183, 181. 327, 330, 337,347. 523, 528, 551, 628 - • lAa- 
lylcUtra, i. 392, 527, 551 — />. Miillcri, i. 551 — Ceratopbrys cor- 
noia, I. 392, 459, 7Yi\ - Piomhhi<(tor Ujnena^ \. 527, 567,591 — 
Rhhtophrtpms, r, 436 K((/op/irymf,<t j, 552 llit/onkhe, i. 15 
Pafn, I. 177, 183,614, 629 -//. vukjark, f. 50, 528, 553. 021 - 
P, (ftjoa, I. 184, 552 — P. emercus, i. 52/ — //. tit be roans, i. 551 — 
P. it.'<prr, I. .)5I P, a/ltn/ii/ft, f. 552, G2d -7 fyl id f/\ i. My—Ifyla, 
1. 262, 327, 43 4, - II. verrucostt, i. 527, 528, 558 — yotolrcina 

■mar.so pint urn. i. ,551, 588, 006 — O^pidhodtfphU ovifitOy i. 515, 

551, 588, G\Ci ~E tic iiemt a. i. ^92 - P/aft/miintiif ptkl/ira, i. 552 - 
PolypedatfSy i. 435, 454, 458, 502, 513, 516, 518, 523, 527, 538, 

552, 553, 567, 577, 579, 585, 591, 592, 615, 019-024, 629, 640 
--FJoy.ia, I, \?,Ct ~ I fyl or ana, i. 552 Raninn, r. Xlr-Cysitkjnathvs 
pwhypua. i. 50 — Petobates fitacv.s, j, 591, 1^92 -Atytea, i. 553 - 
At. ohalr.frk ansy i. 597, 616. 622 — Uperokia, i. 392, 552 Roud 
ieraporaria, r. 15, 49, 86, 89, 157, 183, 316, 319, 337, 392, 435 
--A’, entesbiana, i. 446, 450, 454 -- A‘. escidfiuta, i. 47, 622 - A*. 
bouhs.i. 49 — DiscoyJoasvSy i. 392 — Leptohravhiani. /. 392- 0.r//- 
f/tosaiiSy I. 392, 436 — Myobutrachns paradoxiiSy i. 9 1, 386, 392, 029. 

- -Hub-order: Ichtjiyo.morpiia {Uroddo)-\, 15, 89,215 — *SV//rt- 
aiandridre, i. 15, 182 - Pa/amandra maculoaay i. 15, 49, 182, 215 - 
222, 521,552, 584, .085, 614- »SV//. ntrn,i. 49, 216-218, 337, 458, 
462, .002, 506, 507, 515, 516, 021 -Sul. japonica (syn. nnyuG 
citlaia), I. 551, 61.0— aS'. yluthwHay i. 386 — 7'rifo9iy i, 15. 48, 200, 
337/434, 502, 507. 513, 514, 518, 021.J>38, 566, 591, 014, 625- 
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Order : JIA TRAGHIA-^cmitinued. 

G2H- Tr. criMus, i. 315, 610, 629— TV. marjmraiuSj t. 566-— 
Tt. ((enmtuH^ i. 678 — Lissotritonpunctatui<, i. 697, 616 — Am- 
I. —ridhodony i. ijd2—Plestindon, i. 551— Pkn- 

rodeJrs, i. 19 Siiboldia, i. 676, 571—Menopoina (syn. Crypto- 

hranchuS), i. 48, 89, 170, 390, 440, 446, 461, 463, 606, 616-617, 
627, 537. 666. h'lG -Anqdiiuma, i. xxxii. 6, 103, 170, 182, 330, 
46], 463, 600, 616, 616, 627 ; lu. XGV-^Unohranchm, i. 88, 153, 
50G, 511, 610 - yLyVo//«(sYn. Siredon), i. 87, 606, 514, 527, 562, 
683- y/.r. ruarmoratus, i. 87, *170, —Proteus^ i. xxxii. 170, 

181, 182, 330, 337, 347, 606, 514-6lS, 566. 51G— Siren, t. 5, 

47, 179, 391, 148, 461, 601. 606, 614, 615, 527, 537, 543, 552, 665, 
683. — Sub-order: OrinoMourHA — i. 16, 49 - i. 16, 60, 

444, 419, 516. 651 -C. LdbbrnUr, i. 153 -6\ iutfyrrvpia, i. 453. 

Order: LAIiYUISTUODOl^TIA—i. xxxviii. 6, 14 — Uh^ymhophotis, t. 
15 ~ Lahyri, it hodon salanmidrouhs, i. 363, ZG5 -LAeptognaihus, 

I. 392, 393. 

Order: GANOCKPHALA — i. xxxviii. 0, 14, 85 — Archegosaurus, i. 168. 

Class: PISCKS- I. xxxviii 1, 34, 76 84, 92, 126, 163, 179, 193, 202, 243, 253, 268, 

297 320, 331, 312, 350, 308, 409, 428, 456, 463-199, 533, 546, 568-576, 692, 

599- 01 3. 

()rd<T: PROTOPTERl- i. 14, 40, 82, 330 Protop1er}is anvectens, i, 
xxxii. 37, 41, 47, 108,102, 18J, 277. 282-285, 413, 415,417, 
451, 474, 176. 477, 482, 486. 480, 401, 498, 010: ii. 302, 30G ; 
HI. 1G3, IGb- J^rpUlnsirm paratlosa, i. 6, 37, 38, 82, 83, 107, 163, 
106, 249, 277-280, 282-285, 290, 298, 370, 378, 383, 385, 391, 
415, 417, 425, 418, 451, 181. 494, 499. 

Sub-class : PiAoiosToMf — i. 7, 8, 253, 255. 

Order: CHOEiDnOPTEm i, 13, 41- -Sub-order : Batides — i. x. 13, 
381 — CepImloptcrUhf;, i. 13 - Crphalopfcrua. i. 474 — Mylio- 
hat\d(f\ I. WS -'^igtiohiith, i. 13, 81, 360, 370, 373, 375, 378, 474 ; 
nr, 2”\\ — CydobatUotigod(ic!ylus, i. 181 — ACtohaiis, i. 418 — Try- 
gonid<e,\. ~ Trygcm, i. 194, 471 — Edf Acn, i. - -RahdtV,\. 13 

■ - Rata batiff, i. 80, 201, 271, 299, 302, 319, 474, 549, 5GI, 698 — 
R. clavaia, i. 3G, 271 — R. autatbda, i. 576 R. oxyrynchiis, i. 590 
■ - Rbitioptera, r. 82 — Spinarhorhiuus, i. '6G - Totpcdlytidts, 

— Torpedo Galvanii, i. 350, 415, 474 — T. naree, i. 213, 325, 690, 
691-7'. mar/noratay i. 593 — Nareim, i. *iG —Rhinohatid(ii, i. 13 — 
Rhinobates, i. 36, 100, 474 — Prisiida*, i. 13 — Prisiis, i. 81, 252, 
329, 373, 378, 383, 426, 427, G1 1- Sub-order : Sei acuii - t. 13— 

'Aygrenidfe, i. 13, 330 /.ygtena, i. 36, 81, 336, 423, 426, 427, 609 

— Squat iuidte, i, 16 — Squaihia, i. 33, 30, 76-78, 81, 82, 474 — 
Scymniidte, i. 13 — Scyruntis^ i. 36, 373, 474 — Sc. lic/iia^ i. 78 — 
S(\ nicrrcn,sis, i. 590 —Af op. cidtp, i. }'Y~ -Lamnidcp, i. 13 — Latana, 
I. 33, 204, 361, 372, 377, 382, 423, 474, 490—/., cornubica, i. 33, 
^6G —SclaAtc maxitna, i. 33, 273, 334, 416, 417, 423, 426, 534, 
570, 611 — Prio7wd<m,j. 377, 378 — yiciita/iieSf 1. 13, 336 — Galcus, 
I. 33, 35, 334, 336, 423, 426, 427, 474, 536, 575 -Scolhudon, i. 422, 
575 — (iafeocerdo, i. 422 — OtoduSy i. Z'J'i —CarvhariaSy i. 33, 35, 39, 
80, 81, 273, 276, 283, 372, 422, i7 ^-- Carebarodon mgapdoyi, i. 
Z12—ScylUiday i. 13, i2Z—Scylluwiy i. 32, 35, 325, 474, 675* 
690, 609, 610. — Sc. canicula, i. 598, Q\0—Spinacid(Pt 1 . 13, 423— • 
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Order : CHOND1iOPTEBI--^<mtinued. 

Aca 7 iihms, i. 32, 35, 474, i. 413, 423, 670, 590, GlO 

— Sp* acanthiaSy i. 168, 416, 573 — Alopias^ i. 39, 422, 423, 474, 
(510 — Ctntrina, i. 35 — Centraphonts^ i. 474 — NofidanultBy i. 13 - 
Notidamis cinerenSj i. 32, 35, 373, 698 — Muslehis^ i. 35, 474, 486 
— M, In'iSf I. 575, 610 — Ilexanchita, i. 474 — Heptamdms, i. 39, 
474 — I'hafassorhhnts, i. 422. — Sub-order: Cksthovuoih— J. 13 — 
Fam. Ccfft radon fuleft i. 13 — Cedracion Philippi^ i. 79, 378, 3S4, 
398 — Fam. Hyhoihmiidxe^ i. 13 — IlifhodnSy i, 378 — Cleyioduif^ i, 
369^ 37H-- Cerafodus, i. 369, SS6—Petahdu6, i. Z7\—Psammodus, 
I. 378 — Acrodns, i. 378. 

Order: HOLOCEPHAU~~ i. 12, 35, n~~Chimerid(F, i. 13, 293— a?- 
7nara ynonutrosa, i. 32, 35, 276, 304, 378, 489, 590 — Callorhyn- 
chns audraliSy i. 598. 

Sub-class : Ttm.eostomi — i. 7, 572. 

Or<ler ; GAyOJDKI—x. xxvii. 1*2, 4 1 .-Sub-order : Placoganotdri — 
I. xxxviii. 12 — Odracostd^ i. 12 — Cocrodcus^ i. 196, 197, 217 — 
Pterichihys, i. 12, 197 — Cephdanpis^ t. 197 — Sturionidyp^i, 12, 41, 
246, 478 — Actpensrr shirio^ i. 12, 32, 34, 74, 196, 274, 411, 416, 
474, 468 — A. hrevirodriny t. 196 — A. srypha, i. \^(y -Planirodra 
(svn. Spatufuna) j>pafufa, i. 75, 410, 411, 115, 416, 421, 482, 486. 
— Sub-or<lcr: Lkpidooanotjjki- j. 12 — Holopfydikhe, t. 12 — Jkn- 
drodtis, 1 . 307, 368, Zl^ — llolopfychiuay r. 378— (j.>ro- 
bably a Ganocephah^y i. Ccdavanlhi , i. 12 — Macropornay i. 

A2i’-' Gyrodnti(y i. 24 — BothriohpiSy i. ^7^- IAp(md<ey i. 12 — 
JJipfrntSy r. 12 — AeaulhodeK i. 12 — Acanihodes^y i. 12 — Ixptoh- 

pid^jPy 1 . 12, 103 — h’piohpisy i. 12 — Lepidoidd, t. 12 Dap(‘dh(>\ i. 

12 — IjiddohiSy I. 2 17 — AnihlypUruf<y 1. 196 — MegaHchthySy j. 378, 
424 — Pycnodoviidfey 12, 378 — Pymodu^y i. Vl—MicroduHy i. 248 
— Salamandroifleiy i. 12, 111 — hepidodenHy r. 33, 108, 195, 247, 
276, 378, 486, 499, 648, ^A^- L.oxyuruSy i. Tih- L.plalyrkmuSy 
I. 318— 1. xxvii. 37-39, 43, 44, 107, 108, 111. 118, 
120, 120, iVj6, 162, 167, 195-197, 247. 417, 422, 427, 480, 491, 
494, 499, 500, 649 — Sitdia (syu. Arapaimi) yiyafi, i. 41, 118, 120, 
123, 247, 37'2 - Amuy i. 37, 38, 108, 217, 4*22. 174, 492. 

Order: LOVIfOBUAyCHII- i. \2y 149 — ByngnatkidiSy i. 12 — Byngna- 
thusy I. 39, 196, 421, 569, 576 — S. acu.% i. 613 — 8. ophidmiy i. 
614 — Hippocampiday i. \ 2— Hippocampus y z. 614 — Pegasus draco y 
I. 195, 

Oi*<lcr: PLECTOGJS'APHI — i. 11. — Sub-order: ArrEviu — i. 11 — Os- 
iraowntidrPy i, 11 — Oslraciofiy i. 26, 212, 421 — GyrmyodotitidtSy i. 
ll~~-Orf/fftgorisc?^Syi, 212, 271, 331, 334-336, 422, 480, 536— 
re/rodoriy i. 41, 42, 43, 83, 272, 360, 415, 481, idl-^ Diodmi, r. 
109, 118, 124, 198, 272, 306, 378, 416. 478,481, 491- Sub- 
ordor: ScxEiumKUMi — i. 11 — lialUtiniy i. 11, 417 — PalisteSy i. 
107, 193, 104, 306, 377, 382, 378, 421. 

Order: ACAmilOPTERl-^iy 10, 11, 112, \^3^LopUidiP, i. H-- 
iMpJims piscatorms, i. 39, 119, 124, 166, 180, 196, 209, 374, 376, 
378, 381, 383, 417, 421, 472, 478, 481, 493, 636, 567, 572, 612 
’^AntenimriuSy i. 430, 477, 480, hQ7—B(itrachuSy i. 164, 630, 
481,’489— i. 326, 430, m-^Halieutm, I. 326. 478-^ 
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Order ; AC ANTHOPTEBI— continued. 

Blenniidee^ i. 11, 599 — Blenniua^ i. 276, 298, 302, 695 — Salarias^ 
I. 599 — Zoarces, i. 546, 574, 600 — Anarrhichas lupus, i. 376, 421, 
457 — Gohiiflte, i. 14 — Gohitis, i. 614 — Verio phthalmus, i. 275 — 
CaUionymus, i, 612 — Discoboli, 1 . 114 — Cyclopterus Iwmpus, i. 180, 
284, 298, 306, 421, 534, 536, 569, Cl 2— (7. liparis, i. 481 — 
Lepadog aster, i. 484 — Gobiesox, i. 480 — Cofylis, i. 481 — Fistu-- 
lariidce, i. 13, -11 — Ce^iiriscus, i. 164, 193, 421 — C. scolopax, i. 
164, 193 — C\ hmnerosus, i. 194 — Aulostomus Jistularia, i. 107, 
109, 124 — Theutiduhe, i. W^^Acanihurus, i. 377 — Priodon, 
T. 372, 377, 378 — Naseus, Sigamus, i. *164 — Naseus unicornis, 
I. Il l — Jxpidopns, I. xxxiii. — Jjppidopus argcnteus, i. 180, 426 
--‘Thyrsites, i. 612 — Gempylus, i. xxxiii., 612 — Trichi urns, i. 
xxxiii. 370 — Ttetiioidii, i. 11 — Gymnetrns, i. 493 — Trachy- 
pterns, i. 417, 493 — Sclcrogenidce, i. 11, 123, lG6—-2yigla, i. 271, 
281, 298, 326, i2l — 'Tr. }jyra, i. JOl, 426, 430, 478, 569 — 7>. 
cnridns^ x. 491 -“■7'/’. hirmido, i. 491, 497 — Dactyloptcrus (syn. 
Cephcdacanfhiis), i. 119, 167, 257, 271, 491, G\2--CoUus, i. 168, 
281, 298. 302, 415, 421, 430, 418, 480, 560 — Vlatycephalus, i. 43 

Prbmotiis, r. 491 — Sebastes, t. 427, 480 — Apistcs, i. 480 — 

Scftrptina, i. 430, 480-— -Sc*. i. 473 — Gns/erosteus, i. 193, 

298, 421, 594, 596, 599, 601, 61 i -Scout bcridu?, i, 11, 254 — 
Scf^mber scovtbrus, i, 201, 297, 306, 118, 121, 542 — Sc. trachhius, 
1 . 'li^>V ~Thyiinus vulgaris, i. 38, 43, 107 , 468, 490, 518 -N««- 
cra(fs,\. 612 -Echi nets remora, i. 196, 211, 274, 298, 377, 426, 
01 2- Cgbium, i. 490, —Lichia, Caraux, Vo7)icr, i. 
xxxiii. — Ai'gyreiosus setipinnis, i. 44 — A. vomer, i. 108, 116, 154 

Zeus, T. 119, 480 — Lampris, i. \66-~ iMCtarius delicatulus, i. 

492 — Stro?nalcus, i. xxxii., 612 — Sir. Jiatola, i. 415, 612 — 
Coryphnna (syn. Lampugus), i. 6\1 -~Xq)kias, i. 38, 107, 118, 
179t 252, 332, 334, 420, 427, 479; u. 6\ -Hist iopkoru.s, i. 314 
— Sphyrceiiidu^, i. 11 — Sphyreeno, i. 372, 375, 377, 378, 3S2, 426, 
^2\—--A(hermidfe, i. 11 — MugdUhe, i. 11, 410 — Mvgif, i. 37, 166, 
118"- .il/. fabrosus, 410 — M. cephalns, i. »550 — Aihcrina pres^ 
by ter, i. \2o---'7\dragonu.rus, i. 415 — Mull us, i. 283, 300 — 
T'prncus, i. 120, 306, 427 — Lahyrinthobrunckii, i. 5, 11 — 7W- 
vhogaslcr, t. 326- i. 11, 178, 487 — Ophiocephahis,\. 491 

— Helasto)ni(s, i. 616 — ~Osphro)ucmis, i. 326 — ScupnidfF^ i. 11 — 
Scifoui, 1 . 421, 427, 492 — Corvina, i. 426, 492 — C. irispinosu, i. 
492 — Microjwgon, i. 191 — Jo/mius lobatus, i. 418, 490 — Sparida, 
I. 11, 421 — C'hrysophris, i. 682- ■ Spar us {Epibulus) insidiator, i. 
119, 122, 250 — Pagrus, i. 612 — Ca /it hams vulgaris, i. 491 — Box, i. 
415 — B. vulgaris, i. 421 — B. sal^/a, i. 421 — Sargus, i. 21, 283, 
390, 377, 382, U7—Boops, i. 871 ~~ f/uplodactylns, i. 371 — 
— Inthrmiis atlanticvs, r, 491 — Pristipomatidtv, t, 415 — Mcenidte, 
1 . 119 — Mtvna, i. 491 — Conodon antillanns, i. 491 — C<xsw, i. 
415 — S/naris, i. 401 — Stjuamijiimtes, i. 11 — Cluetodon, i. 11, 
370 — Ephippus, I. 108, 110, 111, 343, 612 — Pseltus, i. xxxiii. 
— Plalax, i. 39, 37 If 612 — Dulcs maculaius, i. 491 — J*er^ 
cidiP, I. 11, 378 — Perea, i. 11, 43, 107 — P- Jluviatilis, i. 
94, 105, 106, 109, 125, 202, 205-211, 277, 278, 297, 301- 
306, 336, 342, 369, 416, 430, 432, 467, 472, 571, o^6—Latea 
niloticus, i. 426 — Lates 7 iobilis, i. 427 — Labrax lupus, i. 428 — 
AnthmSf I, 612 — Luciopcrca sandra, i. 283, 297, 305, 416 — 
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Order : ACANTHOVTKm -continued, 

Cmfropristh i. 26i—Airrhi(f, i. 430 — Polypruni, i. 

108, 120 — NmiAitii, i. 489 — Holocentrum orimtale, i. 42o -7/. 
hfi.^iatim, i. 425—77. i. 426, -Myrlpr intis y i. 331 

~~ lirryx TrachinkliP, r. P3'A- Trachinus draco, i. 283 — Trivhodon, 
r. - Penria, i. V^'3- Vronoscopas, i. 119, 326, 331 — 
tuyo 1. 491 — Pcrrophia, i. A\i^ ^Klc(jinns, i. -Polync'iiuiii, 
T. 271. 326. 493 Sub-ovdrr: I'haiiynckk’.nathi- i. 11, 120 — 
VienolahridfC, i. li, fVP3 -Ifel la 'if cs hii<olafii.% i. ^dV-iilyphUo- 
dnn. 1. 41“* L7. m.wiUis, r. 426 — Ponmcrntrits, i. 11- Cf/clo^ 
hiWhhp, T. 1 1 i. 363, 370-372, 375, 377, 410, 421, 

612 -'/a fifrdii.s, I. 426 — Coasyphns, i. 371 — Scarua, j. 34, 166, 
369-372, 377, 378, 382 (Wiens, i. \\Q-~Cnnih(hrus, i. 374, 
MO— J id is, 1 . WO -('h d inns, i. VIO -Chrerops, i. 410— C//ro- 
inidfe, i. 11 — Chrouiis, i. 11 — liohvnoti, Gi l. 

Onler: AXACAXm/XI u 10 Plcuroneetidee, r. 10, 109, 110, 112, 
275, 331, 334, 569, .>74 — Vlcnrimcctes, i. 10, 421, 468 — PL solea, 
I. 45, 278, 546 - 7Y. jdafessa. i. 46. 278, 431, 432, 596 — Rhomfms 
‘//uurinnis. i. 42, 278, 127, 130 /M. ,rauthnrus, i. Mh—Cithari- 

iV(s, j. 116, 1170 — Ilijfpoyiossns va/parls, i, 42, 110, 112, 115, 

297, 299 litff/hssKs, i. xxxili. A hirns^ i. xxxiii. — IMo^iochir, r. 

xxxiii. — Syaaptura, i. xxxiii. — Soicofalpp, i. xxxiii.--”rrV/r//(//A, r, 
10, 163, 425, 430, 493--r7c?r?«.?, i. 13, 297, 421, 432, 468, 
481, 489, 492 -•''V. i/ylcJhiHs, i. 40 - .7;. navaya, t. 38, 492“ -('r. 
vidiarhis, i. -Aforrkua vidyariSy i. 73, 93, 95 -100, 107, 109- 
113, 115, 117-121, 123-120, *164-1-66. 179, 271-274. 276, 278 - 
280, 282. 281, 298, 301-303, 305, 306, 308, 309, 421, 480, 

495, 5(59 P/y/cis, t. 180 — AfcrlKccius, i. 300, 514, ri72- -]jofa, i. 

297 — Mcrlatiyns vtdyaris, i. 428, <\0 \ —iiainc< ps trifyreatus, i. 
180 — Aninmlytf'S, i. 417, 426, 468, 547 — Am. tobianus, i. 468, 
543, 568. 

Order; MALACOPTF.RI—\. 9 — Sub-order: OeiirDTiDiK, i. 10 — Opki- 
die. fit, 1 . 10 — (). harhafum,\. 43— Sub-order : PHAUV^'CJOG^^\TlII, 
3. \0-~f<co)nhfriso.T, i. 10 - Jkhme, i. 21, 283, 297, 306, 432, 168 - 
Plroccplus, 1 . 167, 257, 271, 377, 413— Snb-ordrr : Audominai.e.s, 
I. 10 — Ahphavrus, i. 10 — Sduridffi. i. 193,248,299, 325, 421, 
425— i. 166, 167, 335, 371— *9. yfanh, i. 369, 457, 
408, 489 — Ainphipwms Cnchia, r. 481, 487 — Saccohrafichts, 
I. 488 —Ilfficrobrauchus^ I. 108, 4i^7 — Malapte^rurus eleciriens, 
I. 350, 37)5, 190 — M. henin^sb, 350-r-Ani«f> i. 491 — A. 
yayora, i. 491, 500 — ^ 491, 492-^L^ri- 
'caria, i. 38, 41. 42, 493~P«;««ibi!?iM, i. 247, 385, 374^ 427. 
491 — Panyasii/s, i. 491 — Hypostoma^ \ ^O^^^JRhinelepis, i, 
493 — FymdontiSy i. 108, 335 — Auchemptems fiircatus^ i. 491, 
AOO -Cfdlichlhys, i. 108, 290, 614 — Cyprhiidcg, r. 10, 48, 410, 
417, ‘m-Cypriniis enrpio, i. 104, 11*6, 275, 286, 297,345— 
7\Hca, I. 297, 370, 488, 602 — Tjencijiciis cyprimis, i. 275, 286,302 
— Labioharhus. i. MO —Brama (syn. Ahramu), t. 297, 432, 589, 
0\2 -aohiiis, I. 279, 297, 302, 3i>, 417; u. 303 -6; barbatida, 
I. 345, 500, 547 — 6; fossill^, i. 491, 590 — CypmnodmitUlcp, i. 10 
— Cyprinodon^ i. 10 — AnaUeps, i, 373, 421 — PoscilUit i. 373 — 
Mormyrida, i. 10 — Mormyrus^ i. 10, 118— ilf. longipinnui i. 
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Oj-der : M AL A COVTEUl- continued. 

350, 355, 416, 4J7, 488 — M. ox^jrhynclais^ i. 350 — M. dur»ali«, 
1 . 350 — M. rttcrsii, i. 43 0 — Gy t anarch tin nVoUons^ i. 350 — 
Kmcidte, r. 3 0 — Esox Indus, i. 10, 37, 297, 310, 381, 121, 468, 
489, 547, 595, 603 — G(dax‘ida\ i. \i) Characinida', i. 10 — 
Kryihrinus, t. 116; 120 — E. satvus, i. 492 — E. turnkiius, j. 492, 
49 4 — Mylctcs, i. 369 — Hyd-rooinrn, i. 3 1 6 - i. 481 — <SV.r#j- 

‘pdida',\. 10 — Haurus, r. \ y) -Haliuunidcc, i. 10, 37, 314, 180, 251, 
372- T. 38, 4 4, 3 79, 207; 306, 421, 432, 168, 481, 547, 
502, 595 — S. satar, i. 179, 333^ 429, 612, 613 — .S', erwx, i. 44, 
165, ] 80 —iS'. i. 3 79, 61 1 — -Epertnnj^s, j. 298 — lliyaial1us,\. 

43 -Mallotus, I. -Cl upiidiC, i. 10, ^1T2>-—Ch>pca, i. 38, 297, 
306, 421, 468 ~ 6'. i. 43, 283, 420, 432 --C'. spraftus, 

I. 283, 430--^//o,v‘f/ ruh/aris, i. 481, 569 (\ p'llchimJus, i. 431 

— Elops, I. 127)- — lifleropyyii, i. 10 Anddyopsis. i. xxxiii. 10 — 

A. spdwus, I. 275, 277, 281, 287, 208, 200, 331, 424 ; iii. 08. - - 
^4Llb-ol^l(*r ; Apodks — i. 30. — Gy/sinotidfc, i. 10, \"l^--Gymnotus, 
1 . 43, 211, 350, 409, 180 - 6'. deciricvs, i. 352 -354, 356, 357, 
— (quihdnatus, ^^\~—Murmiidrp. 10,41, 118, 315, 
41 1 1 . 122, 370, 421, 489; ii. 65 — 71/ hcUiia, i. 45, 

113 — Murfpniphis, i. 125, 478, 489 - i. 10, 124, 275, 

281, 298, 468, 495, o Hi - Conger vulgaris, i. AjAcrkh I hys 

cuoKts, 1. 331 — S/dKU/drranrhus, i. 478 — h^pkfrcpkalus, i. 611 — 
Syuhranckkhe, i. 10 — Moaopterus, 1.481, ‘\^(j ~ Synhraachm, i. 
116, 478, 482, 486. 

Sul>-clasrt: Dr.RMoPTEiii — r. 7, 31, 271. 

Ordor: CYCLOSTOMI — i. 0, *>M- --Pdro7ny;ron (t^yn. Aaintocaflcs), j. 7, 
9. 32, 72, 114, 212, 328, 412, 425, 471, 475, 534, 536, 568, 571, 
iVJO, 6U - A/yx/ne, i. 0, 31, 299, 369, 168, 473, 476, 598— 
Jkldlostouta. heptatrema, t. 468, 471, 475, 477, 535. 

Order: Cl It — i. ^--Bt'fnichiosloma (syn. Au/jdiioxus), i. 3, 

9, 26, 31, 71, 269, 270, 328, 413, 41 I, 513, 611. 
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A UDOMINALES, ohiiraotftr of, i. 10 
Abraniis. See Rrama 
Absorbout system of Avos, ii. 178 
Eislies, i. 455 
llaTnJitoiTya, j. 455 
Alammalia, iii. 504 
Reptiles, i. 458 
Acanthias, gills of, i. 48G 
heart, i. 474 

vortebml eolumu, i. 32, 35 
Acantijini, characters of, i. 10 
Acanthodei, characters of, i. 12 
Aciiiil hodes, characters of, i, 12 
Acautliopteri, characters offi, 10, 11 
(lermoskoletOQ, i. 193 
skull, i. 112 

Aeauthunis, teeth of, i. 377 
Aoorina, pyloric appeudage and pancreas 
of, i. 430 

Acerotherium incisivnm, characters of,ii.286 
bones of limbs, ii. 455 
development, iii. 7 12 
horns, iii. G24, 631 
teeth, iii. 356 

Acetabulum in Alan, ii. 574 
Aehirus, characters of, i. xxxiii 
.Acipc^riser brevirostris, dennoskoloton of, 
i. 1Q6 

Ac'ipensor scypha, demoskelcton of, i. 196 
Acipenser sUirio, characters of, i. 12 
alimentary' canal, i. 411, 416 
dormoskeloton, i. 196 
heart, i. 474 
inyd encephalon, i, 274 
skull, i. 74 
veins, i. 468 

vertebral column, i. 32, 34 
Aerodus, teeth of, i. 378 
Adipose. subsUinces, iii. 783 
Adrenals of ITfeniatocrya, i. 542 
Aves, ii. 229 
Pishes, i. 542 
Jicptilos, i. 543 
Aljimmalia, iii. 568 
A^tobalis, alimentary canal of, i. 418 
Aipyornis, characters of, ii. 13 
generative system, ii. 256 
A^ama, alimentary canal of, i, 445 
togumonts, i. 686 

female organs of generation, i. 586 


^\MR 

Aglossa, charactors of, i. 15 
Ai, bones of, ii. 398, c/ srq, 

Aigoceros, Autilo])e efjuina 
Ailurus, alimentary canal of, iii. 145 
liinb-boiics, ii. 501 
mammary glands, iii. 780 
teeth, iii. 334 
vertebral column, ii. 494 
Air swallowed by some iishes, i. 255 
Air-bladder of Pishes, i. 5, 255, 191 
Air-cells of bones, i. 25 
of Aves, ii. 211 
Air- passages of Av(‘S, ii. 217 
Alactaga, characters of, ii. 276 
Alamla, characters of, ii. 10 
AIca, alimentary canal of, ii. 163 
osseous system, ii. 17, 21, 24, 25 
Alca impennis, air-cells of, ii. 214 

osseous system, ii. 21, 25, 41, 56, 
58, 71 " 

Alcodinidjr, characters of, ii. 11 
x\lcedo, alimentary canal of, ii. 161 
eggs, ii. 256, 257 
lower larynx, ii. 221 
AlcfS, char{ictcj’.y of, i. .\xxii 
horns iii- 630 
laryn.x, iii. 594 
skull, ii, ‘178 
teeth, iii. 351 

Alepisiuriis, clniract er.s of, i. 10 
Alimimtiiry canal in Avos, ii. 156 
Pishes, i. 409 
Alummalia, iii. 383 
Reptiles, i. 433 

Allantoic orifices, reptiles, i. 447 
iVlligator. Sre Champsa 
Aloy)ecidii», characlcjrs of, i. 13 
Alopias, alimentary canal of, i. 422, 423 
development, i, 610 
heart, i, 474 
vertebral column, i. 39 
Alosa vulgaris, gills of, i. 481 

male organs of generation, i. 569 
Alytos obstotricaus, development of, i. 622 
ovij)Ositioii, i. 616 
ovulation, i. 697 
Alytes, teguments of, i. 553 
Amblyopsis, characters of, i. xxxiii. 10 
Ainblyopsia spelajus, alimentary canal of, 
i. 424 



860 


GENERAL INDEX. 


AMIi 

Amhlyops'S spolneus - rouiimfcd. 
nieseiioeph.-iloii, iii. 98 
luyelonceplmlon, i. 275, 277, 281, 287 
iKTVos, i. 298, 299 
organ of wglit, i. 331 
Amblyptorus, ^lermoskcloton of, i. 196 
Amblyrliyiiohiis Mf4T, troth of, i. 403 
Amhystotna, toguim-nts of, i. 552 
Amoiva, roprodnciblo parts of, i. 567 
Araiiv, air-blrtdlor of, i. 492 

vortcljnil ooliimn, i. 37, 3S • 
i. 108 , 

locomotion, i. 217 
aliineiitary ounal, i. 422 
lioart, i. 171 

Ammoca-to-s. See Potromyzon. 
Aniinodytos, alimentary canal of, i. -117 
liver, i. 426 
tegumoiit, i. 547 
v«Miis, i. 468 

Amniodytes tobianus, adrenals of, i. 513 
jnulo organs of generation of, i. 568 
V(Miis, i. 4G8 

Amplii(?a‘lia, characters of, i. xxxviii, 1/ 
vertebral euhimn i. 69 
Aniphicyon, teelli of, iii. 340, 372, 375 
Ainpbipnons Ciichia, gills of, i. 481, 487 
Amphisbena alba, liver of, i. 451 
tooth, i. 386 
teguments, i. 555 

Ampbisbeiia fuligino.sa, nerves of, i. 313 
skull, i. 153 

Ainpliisbfenidre, vertebral column of, i. 59 
Aniphisorex tetragomirus, alimentary canal 
of, iii. 127 
skull, ii. 389, 300 
teeth, iii. 305, 300 

Amphiuma, ( liaraetej’s of, i. xxxiii, 5 
arterie.'!, i. 516 
gills, i. 515 
heart, i. 506 
larynx, i. 527 
liver, i. 451 
organ of smell, i. 330 
panci*eas, i, 453 
j)ecloral limb, i. 163, 176 
pelvic arch ami limb, i. 182 
scapula, iii. 164 
Anabas, characters of, i. 11 
gills, i. 478, 487 

Anableps, alimentary canal of, i. 421 
teeth, i. 373 

Anacanthini, characters of, i. 10 
Anarrhica.s lupus, al).sorbonts of, i. 457 
alimentary canal, i. 421 
teeth, i. 376 

Anas boschas, arteries of, ii. 190, 193 
beak, ii. 148 

generative system, ii. 244 
organ of sigfjt, ii. 136, 140 
sacral vortohrai, pelvis, and tail, ii. 32 
tegiiTnentaiy system, ii. 235 
Anas clangnla, lower larynx of, ii. 220, 225 


ANT 

Anas fusca, lower larynx of, ii. 220 
Anas galericulata, periwl of incubation of, 
ii. 257 

Anas mo.schata, scont-glauds of, il. 230 
Anas (Ciisaiva) nitila, period of iucubaliou 
of, ii. 257 

Anas sandviceiisis, external sexual charac- 
ters of, ii. 257 

j Anas semipalrnata, lower larynx of, ii. 220 
Anas .sponsa, pci’iod of iiicubatiou of, ii. 257 
Anas vLilpnnscr, period of iiicubatiou of, ii. 
257 

Anatid.'C. See Ijamelliro.stratae 
Ancitlierliim, characters of, ii. 281; iii. 
792 

Androdon. sexual ch.'iraclcrs of, ii. 258 
i Anguilla, chara'-ters of, i. 10 
i air-blaildcr (^f, i. 495 

inyelciice])haloii, i. 275, 281 
nerves, i. 298 
skull, i. 121 
teguments, i. .516 
! A'ein.s. i. -168 

Angiiis, alimentary canal of, i. 417 
j liver, i. 451 

j lungs, i. 524 

organ of sntell, i. 330 
; scapular ari'li, ii. 65 

! skull, i. 158 

i veriei)ral column, i. 59 

Anguis fragilis, alimentary canal of, i. 417 
adivnals, i. 543 
lungs, i. 524 

‘ male organa of generation, i. 580 

; Animalia, i. v. viii. 

’ A noli us,’ vertebral column of, i. 49 
! Anomalurus, derm of, iii. 012 
i scales, iii. 623 

j Anornoiloiitia, cbaractcrs of, i. 16 
= Anoplotberium, characters of, i. xvli, xxxi,; 
i ii. 206, 286 

\ teeth, iii. 310, 341, 375, 790 

' Anser gambensis, clsiw or spur of, ii. 71 
; A user )?Hlu.stris, absorl.icnt.s of, ii. 181 
: adruiniJ.s, ii. 229 

I air-cells, ii. 216 

alimentary canal, ii. 101 

arteries, ii. 193 
l»eak, ii. 148 

dcvtiopnnait and peculiarltic.s of the 
chick, ii. 264 
generative system, ii. 245 
lower lar}mx, ii. 221 
lungs, ii. 209 

myelcnccjphulou, ii. 118, 120 
nerves, ii. 123 

organ of sight, ii. 136, 139, 142, Ml 

pancreas, ii. 178 

tongue, ii. 152 

traclioii, ii. 220 

veins, ii. 206 

Antent<}r, Cape, bones of, ii. 395, 404 
Anteater, Great, bones of, ii. 397 
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ANT 

Anteator, Great — continued. 
muscles of tongue, iii. 23 
salivary system, iii. 400 
stomach, iii. 446 
Antcater, scaly, bones of, ii. 396 
skeleton, li. 279 

Antechinus, prosencephalon of, iii. 104 
Antelope, bones of, ii. 462, 472 
Antelopes, peculiar glands ot^ iii. 032 
Antennanu.s, gills of, i. 477, 480 

pyloric appendages and pancreas, i. 430 
ropro^lucible parts, i. 667 
Anthias, changes of, accompanying growth, 
i. 612 

Anthoelupra, skull of, ii. 67 
Antliracotherium, characters of, ii. 280 
teeth, iii, 343 

Antibriichial bones of Carnivora, ii. 507 
Aiitilocapra Americana {sjfu. Dicr.inoceros, 
horns of, iii. 626, 626 
skull, ii. 473 

Antilope cervicapra, horns of, iii. 026 
gland opening upon the head, iii. 632 
lii]ib-borie.s, ii. 482 

Antilope (Aigoceros) erjuina, alimentary j 

. canal of, iii. 462 j 

liver, iii. 482 * i 

skull, ii. 473 

Aiitilope coi‘inna, gland opening upon the 
head of, iii. 036 ■ 

Aiililopo daina, mammary glands of, iii. 1 

779 

Anti lope dorcas, mammary glands of, iii. i 
779 

veins, iii. 556 

Aiililopo (Cephalophus) morgens, horns of, 
iii. 626 
skull, ii. 473 

Aiitilopo oreas, mammary glands of, iii. 779 
Antibjpi? (Tetracoros) fiuadrieornis, liorns of, 
iii. 025 
skull, ii. 473 

Aiilih)]>o riipicapm, suborbital pit or sinus 
of, iii. 632 

Aiitilopo strepsiceius, myclon of, iii. 77 
skull, ii. 473 

AntiJopo tragelephii.s, horns of, iii. 626 
Aiililopida?, characters of, ii. 286 

glands opfiiing upon the head, iii. 633, 
634 

horns, iii. 624, 625 
limb-bones, ii. 483 
A pistes, gills of, i. 480 
A|)loiiri, cliaracter.s of, i. 1 1 
Apixh'S, characters of, i. 10 
^\picii<xlytes, characters of, i. 25; ii. 9 
absorbents, ii. 180 
air-cells, ii. 214 
alimentary canal, ii. 156 
osseous system, ii. 16, 17, 25, 31, 41, 

^ 66, 67, 69 

Apt crichtiiyHC{iDcu.s, organ of smell of, i. 331 
Apteryx, characters of, i. xxxiii. 26; ii. 12 


ART 

A ptoryx- - • continued. 
air-cells, ii. 214 
alimentary canal, ii. 162 
generative .system, ii. 248, 256, 258 
liver, ii. 177 

minscular system, ii. 85, 91 
organ of sight, ii. 140 
organ of smell, ii. 130 
ossof US system, ii. 18-22, JIO, 34-36, 
38, 48-53, 55, 62-66, 70, 74-76, 81, 
8*; 

Aptornis, oharactfys of, ii. 13 

osseous .system, ii. 43, 48, 50, 58, 75, 
76 

Aquila, characters of, ii. 12 

alimentary canal, ii. 158, 171 
development, ii. 269 
liver, ii. 176 
lower larynx, ii. 220 
myeleiicephidon, ii. 110, 121 
oase<jus system, j. 26; ii. 21, 32, 36, 
53, 72/76, 77, 80 
Arbor vitip, Fi.she.«, i. 275 
Aroliegosaurus, .skull of, i. 168 
Archcncephala, ehanicters of, ii. 247 ; iii. 

127. 138 

Archeoptcryx, cliaracti-rs of, ii. 13 
restoration of, ii. 586 
scapular areli and limbs, ii. 74 
tail, ii, 38 

Aretietis i/yn. Ictides) albifrons, alimentary 
canal of, iii. 446 
limb-lH>nes, ii. 608 
liver, iii. 491 
lyiiq.halies, iii. 608 
vertebral eolnmn, ii. 191 
Aretoeephalus amstralis, .skull of, ii. 496 
x\relomys, alimentary canal of, iii. 421 
Jirnb-bones, ii. 382 
organs of generation, male, iii. 654 
! Aivtonyx, teeth of, iii. 333 
i Ardea, alimentary canal of, ii. 163 
i beak, ii. 147 

I generative sy.stem, ii. 267 

I osseous system, ii. 22, 39 

! tegumeiitary sy.stem, ii. 232 

; Ardiseosoma, aliineutary canal of, i. 445 
j Argentine, composition of, i. 660 
: Argyreiosus vomer, skull of, i. 108, HO. 164 
Argyreiosus setipinnis, vertebral column of, 
, i, 44 

Arius, air-bladder of, i. 491 
Arius gagoiM, air-bladder of, i. 191 
bloi.d, i. 500 

Armadillo, alimentary canal, iii. 446 
organ of hearing, iii, 231 
teoth, iii. 273 
bones, ii. 393, et scq. 

Armour-plates of tislios, i. 246 
Arteries of Aves, ii. ISU 
Fishc.s, i. 188 
Mammalia, iii. 532 
Reptiles, i. 509, 516; iii. 537 
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Artibcus, organ of taste of, iii. 192 
Artiodaotybi, alinieiitary canal, iii, 466 
characters, ii. 283 
mvisseles, iii. 27 
organs of generation, iii. 662 
male, iii. C62 
female, iii. 604 
osseous system, ii. 457 
skeleton, ii. 457 

A. vertebral column, ii. 457 
cervical, ii. 457 
dorsaj, ii. 457 
lumbar, ii. 457 
sacral, ii. 157 
caudal, ii. 457 
11 skull, ii. 465 

froutal.s, ii. 465-178 
jaws. ii. 465-478 
nasals, ii. 465-178 
laeryrnal, ii. 4()5“478 
pninaxilJarios, ii. 466- 

478 

maxillarios, ii. 4r)6"478 
C. bones of tlio limbs, ii. 

479 

sea]>ulii, ii. 479 
Iminerus, ii. 479 
ulna, ii. 480 
radiu.«, ii. 180 
ileum, ii. 480 
iseliia, ii. 180 
femur, ii. 480 
tarsus, ii. 180 

teeth, iii. 343 

Arvicola amphibia, alimentary canal of, iii. 
421 

limb-bones, ii. 381 
lungs, iii. 577 
moutb, Iii. 386 

organs of generation, male, iii. 653 
oFLOin of smell, iii. 2U9 
teeth, iii- 298 

Ascalabote.s, larynx of, i. 529 
Aspidoiiectes spinifer, fecundation of, i. 

015 

Ass. Eqmifi asiinis 
A.sfup, alimentary canal, ii. 171 
mu.scular .^y stern, ii. 85 
osser)U.s system, ii. 17 
Ateles belzebut, brain of, ii. 273, note 
Aloles niger, brain of, iii. 146 
larynx, iii. 598 
organ of touch, iii. 1 87 
o.‘^.scouK system, 11. 515, 516, 530, 543 
prehen.sile tail. iii. 71 

Aloles paniscu-s, dorso-lumbav vertebra' of, 
ii. 615 

osseous system, ii. 307 
Atherina presbytor, liver of, i. 425 
Atherinida;, characters of, i. 11 
Aiudieriia lama, cbj\ructer» of, ii. 286 
alimentary canal, iii, 468 
blood, iii, 515 


AVE 

Auclienia lama — continued. 
hair, iii. 618 
prosencephalon, iii 122 
tooth, iii. 349 
thyroid gland, iii. 665 
skull, ii. 470 
vertebral column, ii. 460 
Ancbeniii vicuiiia, blood of, iii. 515 
i skull, ii. 470 

1 Auchf'.niptenis furcatus, air-bladder of, i 
I 491,4% 

I Aulustomus fiKtularia, skull of, i. 107, 109 
1 124 

, Australian, skull of the, ii. 563 
Auxis Cybium, air-bladder of, i. 493 
arteries, i. 19«) 

Aves, eliai\'ictors of the class, i. 5 
order.s, i. 8 

I. Nalatorcs, ii. 9 

II. Gralhitores, ii. 9 

III. Kasore.s, ii. 10 

IV. Cantore.s, ii. 10 

V. Volitoi’cs, ii. 10 

VI. S(;ini sores, ii. 1 1 

VII. Itaptore.^ ii. 11 
nbsoj’bcut s^'stem, ii. 180 

lacteals, ii. 180 
lymphatics, ii. 180 
tlioracic duets, ii. 180 
brain, iii. 118 

development, ii. 118, 119 
varieties in weight and size, ii. 121 
coruparetl with that of the Jh'p- 
tile and of the Mammal, ii. I2l 
circulating system, ii. 184 
blood, ii. 184 

Idood-discs, ii. 184 
heart, ii. 185. 

pericardium, ii. 185 
auricle.s, ii. 185 
ventricles, ii, 186 
arteries, ii. 189 
aorta, ii. 180 

artoria iniioininuta, ii. 189 
carotid, ii. 190 
cxtcniul maxillary, ii. 192 
laryngeal or posterior pala- 
tine, ii. 192 
lingual, ii, 192 
internal maxillary, ii. 193 
vertebral, ii. 193 
subclavian, ii. 194 

Immeral, ii. 191, 195 
maniinary, internal, ii. 194 _ 
great pectoral or thoracic, ii. 
195 

articular, ii. 195 
profunda humeri, ii. 105 
ulnar, ii. 195 
interosseous, ii. 196 
descend ing aorta , ii .196 
bronchial, ii. 197 
intercostal, ii. 197 
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AVK 

Aves — ci rciilating system — continued, 
cccliuc, ii. 197 
gastric, posterior, ii. 197 
splenic, ii. 197 
hepatic, right, ii. 197 
piiucrcatic, ii. 198 
gastric, anterior, ii. 198 
hepatic, small, ii. 198 
mesontoric, superior, ii. 198 
artoria spermaticji, ii. 190 
femoral, ii. 199 

ischiatlie, ii. 200 j 

articular, ii. 201 
tibial, posterior, ii. 201 \ 

anterior, ii. 201 : 

plantar, ii. 202 i 

sacra media, ii. 202 ; 

lumbar, ii. 202 j 

mesenteric, interior, ii. 202 j 
hypogastric, ii. 202 : 

eoceygcal, ii. 202 : 

inouhating plexu.s, ii. 203 
veins, ii. 203 

vertehral, ii. 203 \ 

jugular, ii. 203 

axillajy’, ii. 205 i 

vena eava, Ulterior, ii. 205 j 
hepatic, ii. 205 

iliac, ii. 205 j 

enuilgeril;, ii. 206 

lia^morrhoidal, ii. 20G 

vena |>ortje. ii. 206 

splenic, ii. 20G i 

gastric, posterior, ii. 207 ; 

anterior, ii, 207 
panen atic niesenterl<‘, ii. 207 ; 
inferior inusiMit eric, ii, 207 
femoral, ii. 207 

tibial, ii. 207 ' 

peroneal, ii. 208 
digestive sy.stem, ii, 115 
beak, ii. 115 
tongue, ii. 151 

muscles, ii. 153 

mylo-hy<:id<-us, ii. 153 
st.Ylo-hyoi«leus, ii. 153 
genic j-hyoideus, ii. 151 
eerato-hyoideus, ii. 151 ^ 

sternc)-liyoideus, ii. lot i 
salivary glands, ii. 151 : 

aci'cs.sory follicles, ii. 156 ! 

alimentary eaunl, ii. 150 j 

niouli), ii. 150 | 

dilatation of the faucial | 
.membrane, ii. 157 
CR.sophagus, ii. 157 

ingluvies, or crop, ii. 158 
a‘8ophagus, lower, ii . 1 60 
j)roventrieuhi.s, ii. 160 
provenl ricuhir glands, 

^ ii. 161 

gastric glands, ii. 162 
giz>:ard, ii. 163 


AVE 

Aves — digestive sy.stcm — c&nUnucd, 
intestines, ii. 167 

duodenum, ii. 168 
inesenteiy', ii. 1C8 
ileum, ii. 168 
rectum, ii. 168 
cloaca, ii. 108 
varieties, ii, 168 
liver, ii. 17‘t 
size, ii. 174 
position, ii. 175 
lobes, ii. 176 
ligaments, ii. 176 
Colour, ii. 176 

♦ gall-bladder, ii. 177 

cyst'hc|):i1.1c duct, ii. 177 
cystic duct, ii. 178 
hoi):itic duct, ii. 178 
panert^as, ii. 178 

structure, ii. 170 
ducts, ii. 179 

development of Ilirds and peciiliaritios 
of the chick, ii. 250 
genorativo .svsteni, ii. 242 

male organs, and semination, ii. 2 12 
Icvstc.s, ii. 242 

poriodical variations of 
size, ii. 2 12 
development, ii. 243 
vas dtdert'iis, ii. 244 
pnis, ii. 214 
spermatozoa, ii. 215 
spei’mafoa, ii. 245 
femalcorgans and ovulation, ii. 246 
ovarium, ii. 240 
development of the ovarian 
ovum, ii. 246-250 
calyx, ii. 247 
mesoiuclriiim, ii. 249 
clitoris, ii. 251 

fecundation in Birds, and struc- 
ture of the laid egg, ii. 251 
accessory gcuerati\e, stnicture.s 
and external sexual characters, 
ii, 256 

periods of incubation, ii. 257 
nidificatbm, ii. 257 
loconiolion, ii. 112 

progression on land, ii. 112 
eliml)ing, ii. 113 
Hying, ii. 113, 114 

velocity of flight, ii. 115 
action of the tail in, ii. 115 
varieties in manner of, ii. 1 16 
muscular aysLom, ii. 84 

general characters, ii. 84 
vertobiw, muscles of tlie, ii. 84 
sacro-lumbalis, ii, 85 
longissimus dorsi, ii. 86 
(jlilinuns c.»lli. li. 86 
fa.sciculi ob]i(]ui, ii, 86 
longiis colli posticus, ii. 87 
spinalis dorsi, ii. 88 
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AYE 

Aves — muscular system — contmv.eiL 
multilulus spina*, ii. 88 
obliquo-spiiiales, ii. 811 
interurticularos, ii. 89 
obli(iUo-traiis\’f‘rsules, ii. 89 
iiitortraiisversalos, ii. 89 
k vatoivs oostarum, ii. 89 
eomplexus, ii. 89 
rrcti capitis postici, ii. 90 
trachelo-niastniiUnis, ii. 90 
I011J5US colli, ii. 90 • 
rectiia capitps auticus major, 


rectus capitis lateralis, li. IH) 
obliqiius oxteruus abdoniijiis, 
ii. 90 

intcruus al)domiiiis, 
ii. 91 

rectus abdominis, ii, 91 
transversalis abduusinis, ii.91 
diapli!vi}.Mu, ii. 91 
V appendico-oostale.s, ii. 92 
levator caiul;e, ii. 92 
adduct or caiuiiO superior, ii. 9*2 
iiit’ei ior, ii. 92 
depressor caiida*, ii. 92 
cpijidratus coocygis, ii. 92 
pubo-coccygeus, ii. 92 
ilio-coccygeu.s, ii. 92 
iseliio-cocevgeiis, ii. 98 
hoiul, muscles of I he, ii. 93 
tomporalls, ii. 93 
inassetor, ii. 93 
biventer inaxilbo, ii. 93 
entotympanieus, ii. 01 
pterygoideus (^xteriius, ii. 94 
iiiteruu.s, ii. 91 
■wings, mucles of the, ii. 91 
trapezius, ii. 94 
rhomboideiis. ii. 91 
levator .scapula*, ii. 95 
sornitormagiuis auficiis, ii.9.'> 
paxTus anricus, ii. 95 
pectoralis minor, ii. 95 
supra-spiiiiitus, ii. 95 
infra sjjinatu.^, ii. 95 
teres major, ii. 95 
sub,‘<eapulai’is, ii. 95 
latissiinu.s doT.si, ii. 95 
deltoidcs, ii. 95 
pectoralis, first, ii. 00 

.socund, ii. 90 
third, ii. 97 
eonico-briudiialis, li. 97 
extensor plica.* a laris, ii. 98 
extensor metiiearpL rmliuiis 
]or:gfi.s, ii. 98 

<xien.s<ir rnetacarjti ividialls 
bi’evis, ii. 98 

extensor earjp. ulnaris, ii. 99 I 
flexor nietacarpi i-adialis, ii. 99 ! 


AYE 

Avos — muscular system—confi;«i€cit. 

muscles of the pinion or 
hand, ii. 99 

legs, muscles of the, ii. 99 
glutaciis externus, ii. 100 
medins, ii. 100 
minimus, ii. 100 
iiiagnus, ii. 100 
(piartus, ii. 101 
quint us, ii. 101 
use, ii. 101 

iliacus iuternus, ii. 101 
pyramidalis, ii. 101 
adductor brevis feiuoris, ii. 
101 

adductor loiigus, ii. 101 
adductor magmis, ii. 101 
obturator iixtenms, ii. 102 
gcmclhis, ii. 102 
qmnlratus, ii. 102 
aUluctor magnus, ii. 102, 109 
va.stus extornus, ii. 102 
cnirauw, ii. 102 
sartorius, ii. 102 
biceps flexoi’ cruri.s, ii. 1 03 
scmimombrauo.sus, ii. 103 
softiintendinosus, ii. 103 
crurjeus, ii. 104 
gracilis, ii. 104 
vastus intermis, ii. 104 
popliteus, ii. 104 
gastrocnemius externus, ii. 
104 

intcrniis, ii. lOS 
s(dcus, ii. 100 

flexor perloraiis digitorum, 
li. 100 

tle.xor pcrlbratus digitorum, 
ii. 100 

])M:tiii( us, ii. 107 
peroJieii.s lungus, ii. 107 
tiltialis auticus, ii. 108 
e\l elisor longus digitorum, 
ii. 108 

extensor brevis digitorum, ii. 
1 08 

extensor poIlieisbrevi.sii. 10'^ 
pcr«>iie.iiM mwlius, ii* J^8 
skin, muscles of t he, ii. ifn) 
constrictor colli, ii. llO 
use, ii. 110 

sterno-eorvicalis, ii. HO 
use, ii. 119 

stcrno-maxiJlaris, ii* 1 1 1 
dfU’mo-iteransyorsalis, ii. Ill 
plutysma inyoides, ii. Ill 
dermo-spinaJis^ ii. Ill 
dermo-iliacua, ii. Ill 
dermo-costalis, ii. HI 
denno-uhiaris, ii. 112 
dernio-luimeralis, ii;^H2 ^ 
iicrvou.M system, ii. 121 

olfactory or lli'.st pair, ii. 121 
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AVE 

Avos — nervoua system — continued, 
optic, ii. 122 

third, or ociilomotorial, ii. 122 
fourth, ii. 122 
fifth or trigeminal, ii. 122 
ophtluilmie «livl.sioii, ii. 123 
first, ii. 123 
socoud, ii, 123 
third, iJ. 123 

superior niaxilUiry, ii. 123 
inferior lusixillary, ii. 123 
fatuul, ii. 121 
auditory ncn’^e, ii. 121 
eighth, ii. 121 
pneumogastric, ii. 121 
hypoglossal, ii. 125 
spinal, ii. 125 
cervical, ii. 125 
sacral, ii. 125 
hrachial plexus, ii. 125 
obturator, ii. 126 
fcmoi’al, ii. 126 
ischiatic, ii. 126 
tibial, ii. 126 
peroneal, ii. 126 
. organ of Uuich, ii. 1 28 
taste, ii. 126 • 

smell, ii. 130 
hearing, ii. 133 
sight, ii. 133 

size of eyes, ii. 135 
form, ii, 136 
sclowdic coat, ii. 136 
'■ cornea, ii. 137 
choroid coat , ii. 137 
iris, ii. 137 

marsupiuTn, or pecten, ii. 138 
retina, ii. 140 
aqueous humour, ii. 141 
crystalline lens, ii. 141 
vitreous humour, ii. 141 
muscles of tlio eyeball, ii. 142 
recti, ii. 112 
obliqui, ii. 142 
eyelids, ii. 142 
menibrana nictitans, ii. 143 
lacrymal glands, ii. 143 
osseous system, ii. 14 
* general cliaracters, ii. 1 4 
skeleton, ii. 14 
dorsal vertebiw, ii. 14 
sternum, ii. 20 
keel, ii. 23 

sacral vertebra?, ii. 29 
pelvis, iU 32.i- 

TAriations in its general fi^rm 
UiUd proportions, ii. 36 
ilium, li. 33 
ischium, ii. 36 
pubic bones, ii. 35 
♦ . ^caudal vertebra?, ii. 37 

tail, ii. 37 

cervical vertebra?, ii. 30 

VOL. HI. 


AVW 

Aves — ossooii.s sy stein — coniinued, 

^ skull, ii. 41 

separate cranial bones, ii. 43 
basioccipilal, ii. 43 
exoccipitals, ii. 44 
ba.sisphenoid, ii. 44 
hfemal ardi, ii. 46 
orbit(jsphonoi(ls, ii. 46 
occipital condyle, ii. 48 
mastoid, ii. 50 
.• nasal, ii. 51 

, premaxillary, ii. 51 
niaxillary, ii. 52 
palatines, ii. 52 
pti.-rygoids, ii. 53 
malar, ii. 54- 
tymt)iiTue, ii. 54, 55 
mandible, or lower jaw- 
bone, ii. 56 
hyoid, ii. 58 
lacrymal, ii. 58 
in Raptores, ii. 59 
ill Cantores, ii. 59 
in Grallatores, ii. 60 
in Natal ores, ii. 61 
limited range of size of the 
cranial cavity, ii. 61 
foramina, ii. 62 
tympanic cavity, ii. 62 
orbits, ii. 62 

olfactory cerebral crura, ii. 
63 

cranial peculiarities, ii. 64 
scapular arch and limbs, ii. 65 
.scapula, ii. 65, 66 
coracoid, ii. 65, 66 
clavicb‘s, ii. 65, 67 
lmmcrii.s, ii. 68 
radiu-s, ii. 71, 72 
ulna, ii. 72 
metacarpus, ii. 73 

ancliylosis of, ii. 73 
pectoral limb, ii. 74 
pelvic limb, bones of, ii. 75 
femur, ii. 75 
tibia, ii. 77 
fibula, ii. 79 
toes, ii. 82 
patella, ii. 83 

ossification of ]>art.s of tendons, 
ii. 83 

peculiar secretions in birds, ii. 230 
respiratory .system, ii. 209 
lungs, ii. 209 

number, ii. 209 
colour, ii. 210 
bronchi, ii. 210 
arteries, ii. 210 
air-cells, ii. 2U 
air-passages, ii. 217 

larynx, superior, ii. 217 
rima giottidi.s, ii. 218 
trachea, ii. 219 
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Aves— air-passages — continued, 

larynx, lower, ii. 220 
sympathetic system, ii. 127 
tegumentary system, ii. 231 

composition of the tegument, ii. 

231 

|:ormm, ii. 231 
reto mucosum, ii. 231 
epiderm, ii. 232 
scales of tho logs, ii. 232 
appendages of the tegu,ment, ii. 

2^3 

feathers, ii. 233 

development, ii. 236 
moulting, ii. 241 
urinary system, ii. 220 
adrenals, ii. 229 
kidneys, ii. 226 

number, ii. 226 
size, ii. 227 
varieties, ii. 227 
lobes, ii. 227 
texture, ii. 228 
colour, ii. 228 
tulnili uriniferi, ii. 228 
arteries and veins, ii. 228 
ureter, ii, 228 
cloaca, ii. 229 
spleen, ii. 230 

Axolotes marmoratus, organ of hearing of, 
i. 347 

pectoriil limb, i. 170 
skulls, i. 87 

Axolotes {syn. Siredon), female organs of 
generation of, i. 583 
gills, i. 514 
heart, i. 506 
larynx, i. 527 
skull, i. 87 
teguments, i. 5.132 

Aye-aye, bones of, ii. 513, et seq. 
muscles, iii. 52 
salivary system, iii. 405 

B adger, bone.s of, ii. 501 

Bagrus filamentosus, air-bladder of, 
i. 491, 492 

Baloena australis, skull of, ii. 423, 426 
Balsena longimana, skull of, ii. 426 
limb-bones, ii. 428 

Balsena mysticetus, characters of, ii. 280, 296 
alimentary canal, iii. 452 
brain, iii. 143 
development, iii. 732 
limb-bones, ii. 428, 429 
mouth, iii. 383 
faerves, iii. 152 
teeth, iii. 278 
thymus gland, iii. 568 
veitfibral column, ii. 415, 416, 418 
Balieniceps, beak of, ii. 148 
tkull, ii. 61 


BAT 

Balsenidae, characters of, ii. 296 
larynx, iii. 687, 688, 689, 590 
lungs, iii. 57 S 
nerves, iii. 152 
prosencephalon, iii. 119 
skull, ii. 426 
teeth, iii. 278, 279 
vertelu'al column, ii. 415 
Balmnoptera, alimentary canal of, ii. 453, 
454 

arteries, iii. 546 
brJiin, iii. 143 
larynx, iii. 687 
limb-bones, ii. 420, 428 
lungs, iii. 579 

organs of generation, male, iii. 659 
organs of siglit,, iii. 249 
organs of toiicb, iii. 1 89 
skull, ii. 419 
spleen, iii. 561 

teeth, iii. 265, 274, 277, 278, 279 
• vertebral column, ii. 418 
Batistes, alimentary canal of, i. 421 
dornioskeloton, i. 193, 194 
norve.s, i. 306 
skull, i. 107 
teeth, i. 377. 378, 382 

Balistini, characicrs of, i. 11 
alimentary canal, i. 417 
Bassaris astuta, limb-bones of, ii. 510 
Bat, .‘skeleton of a, ii. 278. -Sec Vosportilio 
Bathyergu.s, alimentary canal of, iii. 422, 424 
iimb-bones, ii. 381 
mammary glands, iii. 776 
moutli, iii. 309 

organs of generation, female, iii. 687 
oj’gan of hearing, iii. 231 
organ of sight, iii. 246 
spleen, iii. 560 
teeth, iii. 265, 269, 296 
thyroid gland, iii. 505 
Batides, charact ers of, i. x. 13 
teeth, i. 381 

Batrachia, ai»soi‘bent system of, i. 458 
adrcn.al.*!, i. 543 
alimentary canal, i. 437 
arteries, i. 516 
blor/1, i. 501 

brain, i. 290 ' 

ohar;K ter.s of, i. 15 

fecundation, i. 614 
oviposition, i. 616 
development, i. 619 
generative system, i. 576 
male organs, i. 576 
female organs, i. 583 
generative products and development, 
i. 691 

o\’ulation, i. 592 
gills, i. 512 

hearing, organs of, i. 347 
heart, i. 507 
ichthyomorphous, i. 215 
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BAT 

Batrachia, icLthyomorphoiis — amtinued, 
muscles of, i. 2lfi 
kidneys, i. 538 
larynx, i. 527 
lo(!omotion, i. 262 
lungs, i. 621 

respiratory actions, i. 530 
osseous system, i. 46 

vertobral column, i. 46 
skull, i. 85 
ovulation, i. 696 
reproduction of parts, i. 566 
sight, organs of, i. 337 
smell, organs of, i. 330 
sympithctic nervous system, i. 321 
teeth, i. 386, 392 
teguments, i. 562 

periodical shedding of theepiderm, 
i. 563 

thymus body or gland, i. 606 
touch, organs of, i. 326 
veins, i. 501, 502 
Eatrachus, arteries of, i. 489 
gills, i. 481 
pectoral limb, i, 164 

- pyloric ax)pcnclage and pancreas, i. 430 
Bdellostoma heptati*ema, blocKl of, i. 468 
gills, i. 475, 477 
heart, i. 471 
kidneys, i. 535 
IWeogHle, teeth of, iii, 307 
Bear, gestation of, iii. 746 
muscles, iii. 50 
organs of geueratiou, iii. 669 
organ of hearing, iii. 234 
organ of sight, iii. 262 
bones, ii. 490, et seq. 
tccih, iii. 335 

Beaver, alimentary canal of, iii, 422 
brain, iii. Ill 

organs of generation, iii. 653, 086 
skeleton, ii. 364 

Bclono, development of bone of, i. 21 
rnyelencophalon, i. 283 
iierv(!.s, i. 297, 3(»6 

pyloric appendage and pancrons, i,'l32 
veins, i. 408 

Beryx Trachinidjp, air-bladder of, i. 493 

Bil»‘ in reptiles, i. 452 

Biniaiia, characters of, i. xvii. xxxviii. ; ii. 

292 

alimentary canal, iii. 434-412 
i»lood, iii. 516 
development, iii. 747, 751 
heart, iii. 525 
locomotion, iii. 70, 72 
mammary glands, iii. 780, 783 
nervous system, iii. 88 
macromyelon, iii. 88 
prosencephalon, iii. 132 
^ nerves, iii. 1 47 

organs of generation, male, iii. 646, 673 
female, iii. 704 


BRA- 

I Bimana — emtinued, 

I osseous system, ii. 553-586 

! placenta, iii. 750 

teeth, iii. 322 -326 
veins, iii. 556 

: Bipes lopidopus, lungs of, i. 525 
; Birds. See Aves. 

Bison, i. xxxii. 

. Bison americanns, horns of, iii. 625 

female organs of generation, iii. 697 
Bison ciivopous, organ of taste of, iii. 196 
skull, ii. 472„473 
teeth, iii. 351 

! vertebral coliimn, ii, 462 
Biventer maxilljo muscle in Aves, ii. 93 
Biziura, pelvic limbs of, ii. 73 
Blonnidm, characters of, i. 11 
ovulation, i. 699 

Blennius, myeleneephalon of, i. 276 
nerves, i. 298, 302 
ovulation, i. 596 
Boa, kidneys of, i. 639, 540 
larynx, i. 528 
teguments, i. 554 

. Boa constrictor, ovi position in, i. 617 
myelenccphfilon, i. 291 
vertebral colinnn, i. 56 
Boidre, organ of sight of, i. 338 
Bomluriiitor igneus, larynx of, i. 627 
reproducible parte, i. 567 
semination, i. 591 
Boops, teeth of, i. 371 
Bos, characters of, i. xi. ; ii. 286 
development, iii. 738 
horns, iii. G25, 631 
nerves, iii. 159 
piusi'iiceplialon, iii. 128 
teeth, ii. 362 
vertebral c«>1nmn, ii. 462 
Bos grunniens. limb-bones of, ii. 483 
Bos taurus, characters of, i. xxxii. 
cerebellum, iii. 90 
liver, ii. 482 
mu.scles, iii. 42-47 
skull, ii. 472 
vertebral column, ii. 461 
; Boschisman, skull of the, ii. 564 
Bothriolopis, teeth of, i. 378 
: Bovidie, arteries of, iii. 547 
horns, iii. 624 
liuib-bonca, ii. 480 
mammary glands, iii. 779 
skull, ii. 472 
teeth, iii. .361 
urinary system, iii. 607 
Box, alimentary canal of, i. 415 
; Box salpa, alimentary canal of, i. 421 
Box vulgaris, alimentary canal of, i. 421 
; Brachypterix, characters of, i. xxxiii. 

dorsal vertebrae and sternum, ii. 24, 26 
Bradypodidae, character of, ii. 296 
limb-bones, ii. 414 
teeth, i. 363 
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Bradypus didactyl ns. Choloopus 

Brady pus tridactylus, elm meters of, ii, 278 
development, iii. 731 
larynx, iii. 586 
liver, iii. 484 
lungs, iii. 578 

organs of gonemtion, female, iii. 690 
osseous system, ii. 298 

liml»-l)ones, ii. 307, 411, 112 
vertebml oolninn, ii. 398, 400 
skull, ii. 405, 406 i 
placenta, iii. 731 . 

prosencephalon, iii. 410 
Brain of Aves, ii. 118 
Fishes, i. 271 

Mammalia, ii. 269, 270 ; iii. 81, 102, 751 
Keptiles, i. 290 

Brama Abramis), changes accom- 

panying growth of, i. 612 
nerve.s, i. 297 

pyloric appendage and pancreas,!. 432 
.seminatiou, i. 589 
Bramatheriuin, horns of, iii. 625 
skull, ii. 473 

Branchiostoma (si/n. Amphloxiis), charac- 
ters of, 1. 3, 9 

alimentary canal, i. 413, 414 
gills, i. 513 
growth, i. 611 

myelencepbalon, i. 269, 270 
organ of .smell, i. 328 
osseous .system, i. 26, 31, 71 
Brovipcnnatic, characters of, ii. 9 
Bruta, alimentarv canal of, iii. 146 
characters, ii. 278 
mouth, iii. 387 
mu.se I es, iii. 19 
orgaii.s of generation, iii. 655 
male, iii. 655 
female, iii. 689 
organ of sight, iii. 246 
osseou.s system, ii. 393 
skeleton, ii. 393 

A. vertebral column, ii. 393 

cervical, ii. 393- 402 
dorsal, ii. 303-102 
lumbar, ii. 393-102 
sacral, ii. 393-102 
caudal, ii. 393-102 

B. skull, ii. 403 

C. bones oftlio limbs, ii. 407 

scapula, ii. 407 
clavicle, ii. 411 
hnmems, ii. 407 
ulna, ii. 407 
radius, ii. 407 
olcjcranon, ii. 407 
carpals, ii. 408 
femur, ii. 408 
tibia, ii. 408 
fibula, ii. 408 
foot, ii. ,409 

salivary system, iii. 399 
teeth, iii. 272 


CvKS 

Bruta — emtin tied. 
tongue, iii. 193 

Bubaliis, mammary glands of, iii. 779 
skull, ii. 473 
organ of hearing, iii. 233 
Bubal us caffer, lioriis of, iii. 620 
Bubal us gnu, horns of, iii. 626 
limb-bones, ii. 482 

Bubalns moscluitus, horns of, iii. 626 
mammary glands, iii. 779 
Bubo nmxiraus, organ of geiiemtlon of, 
male, ii. 242 
organ of sight, ii. 1 40 
I Buce«>nidae, characters of, ii. 12 
i uss(M>ns .system, ii. 28 

‘ Bucephalus capensis, t(*eth of, i. 395 
; Buceros, liver of, ii. 175 
osseous system, ii. 40 
; cervical vertebne, ii. 40 

j skull, ii. 41, 55, 59, 63 

! Bucerotldje, characters of, ii. 11 
Bufo, development of, i. 029 
I fecundation, i. 614 

i pectoral limb, i. 177 

]>elvic arch and limb, i. 183 
! Bufo agua, pelvic arch and limbs of, i. 181* 
tegumi'iit, i. 552 

^ Bufo as|)er, teguments of, i. 551 
Bufo ealamita, devt'lopment of, i. 629 
I tegument, i. 552 

; Bufo einereus, larynx of, i. 527 
i Bufo tuljcrosuM, teguments of, i. 551 
I Bufo vulgaris, development of, i. 621 
i birynx, i. 528 

I tegunumts, i. 553 

I vertebral eolumn, i. 50 

i Biilbiiidte, eharacters of, i. 15 
j Buglossios, characters of, i. xxxiii 
i Bungarus, tegument of, i. 554 
I Biitco, alimentary canal of, ii. 171 
I laryn.x, lower, ii. 220 


C achalot, teeth, iii. 281 

(X'ciJia.. characters of, i. 15 
I alimentary canabs, i. 44 4 

I nrtcrie.s, i. 516 

i liver, i. 449 

j togiiments. i. 551 

! vertebral column, i, 50 

i Omcilia allnvoTiter, panerras of, i. 453 
; C;ceilia inttirrupta, pancrea.s of, i. 453 
I Cadacanthi, characters of, i. J2 
i Cailogenys, alimentary canal of, iii. 423 
' larynx, iii. 585 

j lungs, iii. 577 

! mammary glands, iii. 775 

mouth, iii. 386 

organs of generatirm, male, iii. 652 
organ of hearing, iii. 230 
organ of smell, iii. 208 ^ 

salivary glands, iii. 399 
skull, ii. 'AJl 

Ctesio, alimontary canal of, i. 415 
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CAL 

Callichthyg, fecundation of, i. 614 
jn 3 ^elenccphalon, i. 200 
skull, i. 108 

Call iony mils, prolongation of tho fiii-rays 
of, with age, i. ()1 2 
CallisMiirus, tooth of, i. 403 
Calliihrix porsonuta, lar^aix of, iii. 598 
osseous system, ii. 529 
Callithrix sciurous,* development of, iii. 
745, 746 

osseous system, ii. 515, 530, 543 
prosencephalon, iii. 114, 124, 125,129, 
131 

organ of t.asto, iii. 199 
Oallithrix spixii, osseous system of, ii. 515 
Cal lorliyueli us australis, ovulation in, i. 598 
Caloles, teeth of, i. 402 
Calyptorhynehiis, osseous S 3 ’stem of, ii. 21, 
28, 50, 58, 63 

(lanielidie, clumicters of, i. xxxii. 
development of, iii. 737 
limb- hones, ii. 481, 482 
liver, iii. 178 
lungs, iii. 581 
mammary glaruLs, iii, 779 
muscles, iii, 13, 44 
organ of taste, iii. 190 
[>r<)senee[>lia!on, iii. 122 
skull, ii. 471 
urinary syst(*m, iii. 607 
vertebral column, ii, 460, 462 
water-cells, iii, 469 

Camelopardalis Giraffu, characters of, i. 
xxxii. ; ii. 286 
alimentary canal, iii. 471 
brain, iii. 143 
cerebellum, iii. 90 
gestation, iii. 739 
liorns, iii. 631 
larynx, iii. 595 
limb-bones, ii. 482 
niMinmary glands, iii. 779 
muscles, iii. 47, 49 
myelon, iii. 75 
organ of taste, iii. 196 
plaeenta, iii. 739 
proseneeplialon, iii, 122 
skull, ii. 475 
vertebral column, ii. 164 
Curnelus, charaiUei’S of, ii. 286 

femah? organs of generation, iii. 695 
museh\s, iii. 48 
teetl^iii. 349 

C«'nnehis hactrianus, humps of, iii. 784 
alimentary canal, iii. 459, 471 
musfjles, iii. 49 

Camelus dromedarius, hump of, iii. 781 
muscles, iii. 49 
^'anemina, beak of, ii. 118 
skiill, ii. 61 

fraidfc, locomotion of, iii. 69 
limb-bones, ii. 289 
mammary' glands, iii, 780 


CAP 

Canidae — coniimieih 

pnisencephalon, iii. 118 
tongue, iii. 197 
urinary organs, iii. 608 
vertebral column, ii, 492 
Cariis, organ of hearing, iii. 235 

organs of generation, male, iii. 670 
placenta, iii. 744 
salivaiy glands, iii, 405 
teeth, iii. 330, 331, 332, 370 
Canis auj'eus, skull of, ii. 503 
Canis australis, skull of, ii. 503, 504 
Canis domesticiis, characters of, ii. 296 
adrenals, iii. 570 
alimentary canaj, iii. 444 
I development, iii. 709, 710, 715, 744 
j lungs, iii. 582 

I l 3 nnphat.ics, iii. 512 

mental act ivities, iii. 820 
! nerves, iii. 156 

j organs of generation, male, iii. 670 

I female, iii. 700 

j orf'an of hearing, iii. 234 

I organ of smell, iii. 215 

I l>auercas, iii. 496 

I prosiaicephalon, iii. 118 

I salivary glands, iii. 404, 405 

I skull, li. 506, 571 

spleen, iii. 561 
vertebral column, ii. 492 
Canis lupus, .skull of, ii. 503 
vertebral column, ii. 492 
Canis pictu.s, limb-bones of, ii. 510 
Canis rufus, vertebral column of, ii. 492 
Canis vulpes, nerves of, iii. 175, 176, 180 
prosencephalon, iii. 117, 118 
scent glands, iii. 637 
skull, ii. 503 

Cantliaris vulgarip, air-bladder of, i. 491 
('antores, characters of, i. 10 
jMilvis, ii. 32 
sternum, ii. 28 
vocal organs of, ii. 224 
Capitonidje, characters of, ii. 11 
(.’apra liircus, development of, iii. 738 
skull, ii. 475 

t\*iprimulgidje, cliamcters of, ii. 11 
Caprimulgus, alimentary canal of, ii. 150 
beak, ii. 147 
lower larynx, ii. 221 
o.sseoiis system, ii. 62 
skull, ii. 52, 55 
jHilvic limbs, ii. 83 
pancreas, ii. 178 
tegument, composition of, ii. 232 
Capromys Eourniori, alimentary canal of, 
iii, 423, 424, 425 
liver, iii. 485, 488 
nuimmary glands, iii. 775 
mouth, iii. 387 

organs of generation, male, iii. 652 
organ of Uiste, iii* 192 
spleen, iii. 660 
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Capwinys pi*ehonsilis, vertebral column of, 
ii. 307 

Cjipuc-biii monkey, bones of, ii. 516, fst seq, 

Ciiraux, characters of, i. xxxiii 

Capoharcion megalodon, teeth of, i. 672 

Carcharias, alirneiitapy canal of, i. 122 
heart, i. 174 

inyeleaeephalon, i. 273, 276, 283 
skull, i. 8(», 81 
teeth, i. 372 

vertebral oolumii, i. 33, 35, 3? 

Cardiodon, teet h of, i. 38jr 

Carnivora, adrenals of, iii. 560 
alimontarv canal, iii. 442 
arteries, iii. 548 . 
brain, iii. 116 
ctecMiiii, iii. 415 
characters of, ii. 2S8 
development, iii. 712 
dual gland-bags, iii. G3C 
lieart, iii. 523 
liver, iii. 485 
locomotion, iii. GO 
mouth, iii. 395 
muscles, iii. 40 
nerves, iii, 175 
organs of generation, iii. G68 
male, iii. 6G8 
female, iii. 698 
organ of hearing, iii. 234 
sight, iii. 252 
smell, iii. 215 
osseous system, ii. 457 
skt'leton, ii. 457 

A. vertebral eoluinn, ii. 458 

dorsal, ii. 458 
lumbar, ii. 458 
saeral, ii. 458 
caudal, ii. 458 

B. skull, ii. 491 

bones of the, ii. 491--50G 

C. bones of the JiiTihs, ii. 506 

scapula, ii. 60G 
clavicle, ii. 510 
until^rachial, ii. 007 
radius, ii. 507 
pelvic arch, ii. 507 
femur, ii. 507 
tibia, ii. 507 
fibula, ii. 507 
astragalus, ii. 507 
foot, ii. «007-51 1 
pancreas, iii. 495 
placenta, iii. 743 
respiratory system, iii. 581 
spleen, iii. 561 
syTnpatbetic system, iii. 181 
thyiimb, iii. t5G8 
tongue, iii. 197 
veins, iii. 555 

Cartilage, temporary, stages of its os.sifica- 
tion, i. 21« 

Oaiyocatact-es, alimentary cknal of, ii. 157 


CAV 

Ca.9»icu8, sacral vertebrm and sternum, ii. 
32, 3G 

Castor canadensis, characters of, ii. 269 
alimentary canal, iii. 422 
castoreuni, iii. 636 
orgams of gonemtioH, male, iii. 653 
organ of hearing, iii, 231 
prosencephalon, iii. Ill 
Castor fibres, castoreun! glands of, iii. 635 
mesencephalon, iii. 98 
organs of generation, male, iii. 649 
femalo, iii. 686 
prosencephalon, iii. 110 
skull, ii. 374 
vertebral column, ii. 364 
Casuarius Bemicttii, generative system of. 
ii. 257 

organ of sight, ii. 138, 139, 140 
skull, ii. 64 

Casuarius galeaLius, characters of, ii. 6 
alimentary canal, ii. 162, 173 
generative system, ii. 242 
liver, ii. 177 

muscles uf the legs, ii. 101 
osseous system, ii. 23, 30, 55, 59, 64, 66 
tegiimuntary system, ii. 232, 235 
veins, ii. Itfo 

Cat, bruin of, iii. 114, 117 
generation, iii. 742 
‘ locomotion, iii. 69 
muscles, iii. 50 
organ of *sight, iii. 252 
organs of gtMit*ration, iii. 671 
teeth, iii. 374 

Calarhina, ehuraeters of, ii. 291 
alimentary canal, iii. 432 
development, iii. 746 
generative organs, male, iii. 673 
female, iii. 703 

larynx, iii. 599 
liver, iii. 487 
inammary glamla, iii. 780 
organ of liearing, iii. 236 
sight, iii. 252 
smell, iii. 216 
pancreas, iii. 496 
skeleton, ii, 517, 531, 543 
teeth, iii. ,316 

Catarrhactes, dorsal vertebr®, ii. 16 
Cat hart es, blood of, ii. 184 
heart, ii. 185 
liver, ii. 175 
o.sseous system, ii. 27 
spleen, ii. 230 
('aucasian, skull of, ii. 569 
Cauda equina in Jfishes, i. 272 
Cavia aperea, mammu]^ glands of, iii. 775 
salivary glands, iii. 398 
Cavia cobaya (.syw. Porcellus), development 
of, iii. 727 
limb-bones, ii. 380 
liver, iii. 485 

inammary glands of, iii. 775 
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OAV 

Oavis cobaya — continued. 
mpsencophalon, iii. 98 
organs of goiuTation, male, iii. 662 
Cebus Apella, osseous system of, ii. 629, 534 
pposencophiilon, iii, 131 
teeth, iii. 315 

Cobiis capneimis, arteries of, iii. .643 
(levolopinent, iii. 736 
larynx, iii. 598 

organs of generation, male, iii. 672 
osseous system of, ii. 373, 516, 530 
Cebus hypoleucus, dorso-lurnbar vertebrae 
of, ii. 515 

Gciitotes, aliment.'iry canal of, iii. 428 
development, iii. 730 
huir, iii, 621 
liylx'riiiitioii, ii. 4 
liver, iii. 481 

organs of generation, female, iii. 689 
organ of hearing, iii. 230 
teeth, iii. 310 
verteln-al column, ii. 385 
Coiitrina, vertefjral coluinn of, i. 35 
Ceiitriscus, alinientaj'y canal of, i. 421 
pectoral limb, i. 164 
dernioskeleton, i. 193 

Ccntriscus humcrosus, d«iririo.skeleton of, i. 
101 

Ccntriscus scolopax, dermoskcleton of, i. 193 
pectoral limb, i. 101 
Centrophorus, heart, of, i, 474 
Controprislis gigas, h)comoliou of, i. 254 
Contropus, ossixuis system of, ii. 32, 75 
CVphalaspis, dermoskelcton of, i. 197 
Coplialophu.s. Antilopo morgens 
Cephalopteruhe, characters of, i. 13 
Ceplialopterus, heart of, i. 474 
Ccratodus, teeth of, i. 369, 385 
Ceratophrys cormita, absorbents of, i. 459 
teeth;' i. 392 
teguments, i. 551 

CtTCol}ibcs(i?;j/«.Syiictheres), liverof, iii. 485 
mammary glands, iii. 775 
vertebral column, ii. .367 
Cercoleptes caiidivolviilus, limb-bones of, 

ii. 509 

mammary glands, iii. 780 
teeth, iii. 334 
vertel)ral column, ii. 491 
Cereopithecus aibogularis, osseous system 
of, iii. 533 

Ccrcopitlieciis ruber, osseou.s system of, ii. 
633 

Cereopithecus sabseus, alimentary canal of, 

iii. 433, 434 
devedopment, iii. 746 
larynx, iii. 600 

organ of hearing, iii. 236 
organs of generation, female, iii, 703 
osseous system, ii. 633 
» Cereopsis, period of incubation of, ii. 267 
Corthia, characters of, ii. 10 
pancreas, ii. 178 


CET 

Cervical nerves in Aves, ii. 125 
Ceividae, characters of, ii. 286 
development, iii. 738 
horns, iii. 627 
limb-bones, ii. 486 
mammary glands, iii. 779 
prosencephalon, iii. 122, 123 
Cer\'us capi’colus, horns of, iii. 639 

organs of generation, female, iii. 696 
development, iii. 738 
gestation, iii. 738 

CcrvusVhima, horns of, iii, 629, 631 
skull, ii. 478 

Ccrviis davidianus, horns of, iii. 628, 630 
Cervus elephas, development of, iii. 738 
horns, iii. 628* 

Cervus muntjac, horns of, iii. 631 
limb-bones, ii. 479 
skull, ii. 47H 

Cervus rupns, female organs of generation 
of, iii. 697 
horns, Iii. 631 

Cervus simj^:licu.‘ornis, horns of, iii. 631 
Cervus tara Ildus, eliaractcrs of, i. xxxii. 
horns, iii. 630 

organs of generation, females, iii. 697 
skull, ii. 478 
Yctebral column, ii. 464 
Cestracion Philippi, skull of, i. 79 
teeth, i. 378, 381, 398 
O*slracionti(l:e, characters of, i. 13 
Cesiruphori, characters of, i. 13 
Cetacea, adrenals of, iii, 570 
alimentary canal, iii. 452 
arteries, iii. 546 
baleen, iii. 276 
brain, iii. 119 
characters, ii. 280 
dorm, iii. 609 
devolopm»-nt, iii. 732 
diaphragm, iii. 2 
heart, iii. 520 
liver, hi. 478-4SG 
muscles, iii. 24 
nervous system, iii. 75 
organs of generation, iii, 655 
male, iii. 655 
female, iii. 691 
organ of hearing, iii. 224 
organ of sight, iii. 246 
organs of sight, iii. 258 
organ of smell, iii. 210 
organ of touch, iii. 188 
osseous system, ii. 415 
skeleton, ii. 416 

A. vertebral column, ii. 415 

cervical, ii. 415 
dorsal, ii. 417 

B. skull, ii. 419 

froiital.s, ii. 420 
vomer, ii. 420 
palatal, ii. 421 
pterygoid, ii. 421 
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Cetacea— osseous sy st oni — continued, 
maxillary, ii. 421 
promaxillarics, li, 421 
malar, ii. 121 
jaws, ii. 422, 42? 

C. bmies of limbs, ii. 426 
scapula, ii. 426 
humerus, ii. 427 
ulna, ii. 427 
radius, ii. 427 
carpus, ii. 427 
nictiioiirpals, ii. 428 
ischia, ti. 429 
tibia, ii. 429 
sacral, ii. 429 
IMinorcas. iii. 495 ' 
respirator}* .sy.stoTn, iii. 578 
salivary glan^.i^s, iii. 396 
spleen, iii. 561 
thymus, iii. 568 
tongue, iii. 193 
veins, iii. .553 

Cetiosaurus, verlfljral column of, i. 69 
Chafropotamus, cli.araoter.s of, ii. 2S6 
teeth, iii. 3 1.3, 375 
ChaTops, alimentary c.Mnal of, i. 410 
Cha'todon. cli;iract<'r.s of, i. 1 1 
teeth, i. 370 
Chalcis, lungs of, i. 525 
Chanieleu, alimi utary canal of, i. 436, 439 
liver, i. 452 
locomotion, i. 263 
pectoral limb, i. 175, 178 
pelvic arch and limb, i. 101 
skull, i. 156 
tongne, i. 436 
vertebnd column, i. 58 
Chamch‘o bifiircn.s, dermoskcleton of, i. 193 
.skull, i. 1.56 

Champsa (.<//«. Allig.itor palpcbro.sa), der- 
moskeieton of, i. 198 

Champ.sagibbiceps, deniioskelelon of, i. 198 
Cliampsa Inoius, skull, of, i. 138 
vertebral column, i. 06, 67, 70 
Cliamp.sa missis.si|.>pie]isis, alifuentary canal 
of, i. 446 
liver, i. 150 
teeth, i. 408 

Champsa nigra, liver of, i. 451 
sknll, i. l38 
teeth, i. 406 

Cliampsa trigonata, dennoskeleton of, i. 
198 

Charadnidse, churaclcr.s of, i. 10 
Chanidrins, generative system of, ii. 257 
pelvic limbs, ii. 82 
Cheek -pouches of Mamraabs, iii. 386 
Cheiliuu<*, skull of, i. 120 
Cheirogaleus grismis, .skull of, ii. 529 
Cheiwjineles caudatus, glandular sac of, iii. 
634 

Chdromok*.s torquatii.s, glandular sac of, iii. 
634 


CHE 

Cheiroptera, characters of, ii. 278, 290 
alimentary canal, iii. 428 
arteries, iii, 536, 542 
cerebellum, iii. 90 
dt?rm, iii. 612 
development, iii. 730 
laryux, iii. 586 
limb-bonos, ii. 392 
mamnuiry glands, iii. 776 
mesencephalon, iii. 98 
mouth, iii. 387 
muscular system, iii. 1 
myelon, iii. 74 

organs of generation, mule, iii. 657 
feinulo, iii. 689 
organ of hearing, iii. 228 
organ of touch, iii. 189 
pvinereas, iii. 484 
jdacentii, iii. 730 
prosencephalon, iii. 109 
skull, ii. 387 
teeth, iii. 310 
thyroid gland, iii. 565 
veins, iii. 553 
vertebral column, ii. 387 
Chcloiie, cliaracters of, i. 17 
growth of bo»e, i. 26 
peetoi*?}! limb, i. 171, 173 
pelvic arch and liir»l>, i. 185 
Cliclono cjireltfi, alimentary canal of, i. 416 
liver, i. 450 
pancreas, i. 451 
teguments, i. 560 
V(?rtebr:il column, i. 61, 63 
Cholone i ml»ricaUi, al iruentary canal of, i .4 45 
Chelone mydas, alimentary canal of, i. 440, 
442, 444, 415 
developim nt, i. 638 
lungs, j. ,525 

inyelciicephalou, i. 292, 293, 295, 297 
m-rvt H, i. 313, 323 
organ of hoaring, i. 348 
organ of sight, i. 340 
organ of smell, i. 328 
oviposit ion, i. 618 
pancreas, i. 453 
})elvic arch and liml), i. 189 
skull, ii. 126, 128 
Chelone planicci)S, skull of, i. 135 
Chelone pulchima-ps, sknll of, i. 135 
Chelone Tcminirickii, skull of, i. 131, 135 
Chclonia, absorbent system of, i. 459 
adretials, i. 514 
alimentary canal, i. 433 
arleries, i. 520 
])lot)d, i. 501 
brain, i. 292 
characters of, i. 16 
fecundation, i. 615 
oviposition, i. 617 
devolopineiit, i. 634, 638 
generative oi^ans, i, 581 
male, i. t581 
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Cholonia — cmtinued, 

gonerativo organs, female, i. 586 
lioaring, organs of^ i. 348 
heart, i. 608 
kidneys, i. 611 
laiT^nx, i. 529 
liver, i. 419 
lungs, i. 526, 530 
capacity, i. 526 
rospimtory actions, i 631 
muscular system of, i. 231 
osseous system, i. 126 
skull, i. 126 
vertebral column, i. GO 
scent-glands, i. 5G2 
sight, organs of, i. 339 
smell, organs of, i. 330 
teeth, i. 385 
teguments, i. 557 

neural plates, i. 557 
thymus body, i. 566 
thymid body or gland, i. 565 
veins, i. 505 

Cholydra {syn, Chelonura) .««crpontina, ali- 
moutary c.anal of, i. 447 
devolopmoiit, i. 038 
gciioralivc organs, foAialc, i. 587 
liver, i. 450 
lungs, i. 525 
ovi position, i. 018 
pancreas, i. 454 
skull, i. 131, 136 
Clielys, heart of, i. 509 
organ of sight, i. 331 
organ of t.astc, i. 327 
pectoral liml), i, 172, 178 
pelvic arch and limb, i. 187 
teguments, i. 560 
Cliilonycteris, teeth of, iii. 310 
< 'liimaH’a monstrosa, arteries of, i, 489 
myi-lencejdialon, i. 276 
nerves, i. 304 
semination, i. 590 
teeth, i. 378 

vertebral column, i. 32, 35 
Chlujierida*, oJiaraeters of, i. 13 
myelencephalon, i. 293 
Chimpanzee. H(C Troglodytes niger 
Chinchilla, limb-bonos of, ii. 386 
skull, ii. 370 
teeth, iii. 298, 299 
Chinchilla lunigcra, skull of, 370 
(3i[inose, skull of, ii. 669 
Chiroinys madagascaricnsis, as compared 
with the genus Jj<‘mur, i. xxxv 
Chiroiny.s mjidagascariensis, anal glands of, 
iii. 637 

brain, iii. 124, 125 
larynx, iii. 696 
lungs, iii. 682 
muscles, iii. 53, 54 
organ of hearing, iii. 236 
organ of sight, fii. 242 


cniT 

Chiromys madagascaricnsis — nerh 
organs of generation, male, iii. 672 
female, iii. 780 

osseous system, ii. 612, 513, 529, 539, 
541, 542 

teeth, iii. 313, 314 
tongue, iii. 198 
Chirotes, teguments of, i. 565 
Chlamydera inaculata, nest of, ii. 258 
Chlamydo.saurus, teguments of, i. 556 
Chlamyphorus, limb-bones of, ii. 409 
organs of smell, iii. 209 
skull, ii. 40S, 407 

Choeropus, limb-bones of, ii. 351, 354 
muscles, iii. I 5 

Chohepns didactylus, characters of, ii. 297 
alimentary eanal, iii. 450 
female organs of generation, iii. 690 
larynx, iii. 686 
limb-bones, ii. 306, 411, 412 
lungs, iii. 578 
skull, ii. 406 
spine of, ii. 279 
ttieih, iii. 274 

Cholmpiis Iloffmanni, vertebml column of, 
ii. 400 

Chondropteri, characters of, i. 13 
vertebral eolmim, i. 41 
Chromidm, eliaractors of, i. 11 
Ciiromis, eharaetcTS of, i. 11 
Ohry(xdiloris, hair of, iii. 621 
limb-bones, ii. 392 
male organs of generation, iii. 656 
skull, ii. 389 
teeth, iii. 301, 302, 303 
Chrysopliria, teeth of, i. 382 
Ciconiai alba, genoralivo system of, Ii. 257 
Ciconin argala, adrenals of, ii. 229 
air-pa ssages, ii. 217-219 
alimentary eanal of, ii. 162 
skull, ii. 64 

Cieonia, dorsal vert elme and sternum of,ii.23 
Oinnyrus, charaetors of, ii. 10 
Cinosternon, ovi)>osition in, i. 618 
teguments, i. 660 
vertebral column, i. 61 
Cirrostomi, charaotor.s of, i. 9 
Cistudo europa^a. See Emys europsx^a 
Cistudo triunguis, lungs of, i. 526 
Citharinus, skull of, i. 116 
teeth, i. 370 

Civet, bones of, ii. 492, et seq, 

Cladoidon, teeth of, i. 387 
Cladobates. See Tiipaia 
Olaspers of Fishes, i. 670 
Claws of Aves, ii. 74 

Mammalia, iii. 623 « 

Clupeidm, charictops of, i. 10 
myelpneephalr)n, i. 272 
Clupea, alimentary canal of, i. 421 
nerves, i. 297, 306 
veins, i. 468 
vertebral column, i. 38 
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Clupoa harciigus, alimontary canal of, i. 420 
uiyelencephalou, i. 283 
pfincrcas, i. 432 
vertebral column, i. 43 
Clui)ea sprattu8, inyelencophalon of, i. 283 
pancreas, i. 430 

Clu|.)ea pilcharxlus, pyloric appendage of, i. 
431 

Cnciniornis, characters of, ii. 13 
pelvic limbs, ii. 79 
Coati, bones of, ii. 501 ^ 

Gobitis, alimentary canal of, i. 417 
cervical vei-tebraj of, li. 303 
myclencej)lmlon, i. 2/9 
nerves, i. *297, 302^ 
organ of siglit, i. 335 
Cobitis barbulaia, blood of, i. 500 
organ of hearing, i. 345 
tcgiiinents, i. »j47 

Cobitis fotsilis, air-bladder of, i. 491 
seminallon, i. 590 

Coccosteus, derinoshelcton of, i. 190, 197 
locomotion, i. 247 
Coccothrauste.s, oliaracters of, ii. 10 
Cod, blood-discs of, i. i 
Colffopterus, lower larynx of, ii. 221 
Coliidte, characters of, ii. 12 
Colobu.s ui’sinus, iilinientarv canal of, iii. 
433 

osseous system, ii. 519, 543 
Coloptorus, urinary .system of, ii. 2*29 
Coluber, alimeuiary canal of, i. 4-17 
Coluber constrictor, alimciitary caual, i. 446 
liver, i. 450 

Coluber guttat u«, alimentary canal of, i. 446 
liver, i. 450 

Colubrida% pancreas of, i. 453 
teeth, i. 395 

Colngo, bones of, ii. 393 
Columba, chaiMcters of, ii. 10 

alimentary canal, ii. 159, ICO, 161, 162, 
ICS 

myelencephalon, ii. 120 
sacral vertebne, pelvis, and tail, ii. 32 ; 
scapular arch and linabs, ii. 66 
skull, ii. 49, 58 

Columba galeata, scapular arch and limbs 
of, ii. 66 

Columbacei, characters of, ii. 10 
alimentary canal, ii. 173 
liver, ii. 177 
locom<jtion, ii. 116 
I>elvie limbs, ii. 82 
scapular arch and limbs, ii. 70 
sexual characters, ii. 257 
skull, ii. 63 

Colymhus, characters of, ii. 9 
arteies, ii. 190 
locomotion, ii. 113 

osseous system, ii. 28, 31, 34, 64, 61, 
71, 76, 78, 82 
pancreas, ii. 178 

Condylura, organ of smell of/iii. 209 


CRO 

Conirostres, characters of, ii. 10 
beak of, ii. 146 

Conger vulgaris, vertebral column of, i. 43 
Conodon autillanus, air-bladder of, i. 491 
Contest of existence, law of, i.xxxiv; iii. 798 
Coprolites, or petrified fmcee, of Pishes, i. 424 
Coracias, skull of, ii. 63 
: Coracidae, characters of, ii. 11 
; Coricus, skull of, i. 119 
I Corpuscles, ii^nician, i. 323 
I Savian, i. 324 
! Correlation, law of, i. xxvii ; iii. 787 
Corvina, air-bladder of, i. 492 
liver, i. 4*26 

* (?orvina trispinosa, air-bladder of, i. 492 
Corvus, characters of, ii. 10 
bt-ak, ii. 146 
eggs, ii. 257 
organ of smell, ii. 130 
Corvus eorax, lower larynx, ii. 222 
Corvus frugilcus, organ of .siglit of, ii. 1.39 
Coryph.'nuii {si/zi, Lampugus), changes ac- 
companying growth, i. 611 
Con pliodon, chatneters of, ii. 284 
geological remains of, iii. 792 
tooth, id. 377 

Corythaix, ossooift system of, ii. 34, 36 
Corythophancs, togunieiits of, i. 556 
Cossyphiis, teeth of, i. 371 
Coitus, alimentary canal of, i. 415 
gills, i. 480 
liver, i. 448 

male organs of generation, i, 669 
myolencpphv'ilon, i. 284 
nerves, i. 298, 302 
pectoral limb, i. 168 
pyloric appendages and pancreas, i. 430 
Cot urn ix, dorsal vertebne and stenmm of, 
ii. 27 

Cotylis, gills of, i. 481 
Cow, development of, iii. 738 
muscles, 42-45 
Cr.ata>ura, teeth of, i. 405 
Craticus, skull of, ii. 67 
Crax, osseous system of, ii. 27, 32, 34, 6S 
Crcnilabnis, alimentary canal of, i. 410 
teeth, i. 374 

Crketus, alimentary canal of, iii. 421 
liver, iii, 485 
mouth, iii. 38G 

Crocodilia, blood-discs of, i. 4 
adrenals, i. 544 
alimentary canal, i. 433 
arteries, i. 520 
blood, i. 501 
brain, i. 296 
character, i. 17 
development, i. 634, 638 
fecundation, i. 616 
generative organs, i, 683 
male, i, 583 
female, i. 688 
hearing, organs of, i. 848 
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CRO 

Crocodjlia---^09iHfiued, 

heart, i. 510 i 

kidneys, i. 541 i 

larynx, i. 629 ‘ 

liver, i. 460 

locomotion, i. 263 

lungs, i. 520 

jiiuseles, i. 222 

vertebral column, i. 66 
skull, i. 135 •* 

oviposition, i. 619 
respiratory actions, i. 531 
Bcont-glands, i. 562 
sight, organs of, i. 340 
smell, organs of, i. 331 
teeth, i. 406 
teguments, i. 557 
thymus b»xly or gland, i. 566 
tongue, i. 438 
veins, i. 505 

Croeodiliinis, teguments of, i. 546, 556 
Croc-odilus, alimentary canal of, i. 439 
development, i. 638 
growth of hones, i. 25 
loc'omotion, i. 262 
pectoral limb, i. 173 
pelvic limb, i, 188, 190 
skull, i. 135 

sympathetic nervous system; i. 323 
Crocodilus acutus, heart of, i. 610 
myology, i. 219 
skull, i. 137 

vertebral column, i. 66, 67 
Crocoiiilus biporcatus, liver of, i. 451 
lungs, ). 526 
myology, i. 223 
organ of hearing, i. 319 
orizan of sight, i. 341 
skuti, i. 139, 146 
teeth, i. 406 

vertebral column, i. 67, 68 
Crop, OP iiigluvies, of Aves, ii. 158 
L'rotalid.'p, nniscles of, i. 225, 227 
skull, i. 152 
toguments, i. 554 
vertebral column, i. 55 
Crotalus adanmnteus, alimentary canal of, 
i. 446 

liver, i. 450 
pancreas, i. 454 

Crotalus durissus, kidneys of, i. 539 
muscles, i. 227, 228, 229 
Crotalus horridos, liver of, i. 448 
teeth, i. 394, 395, 398 
tegument, i. 655 
Vertebral column, i. 66 
Crypt obranchus. See Menoporaa 
Cryptodontia, characters of, i. 16 
Cryptodoiitidfe, characters of, i. 16 
Cryplopus Petersii, teguments of, i. 667 
> ipryslalline lens in Aves, ii. 141 
Ctololabrid®, characters of, i. 11 
organ of smell, i. 329 


CYP 

Ctenodus, teeth of, i. 369, 378 
Cteromys, organs of sight, iii. 250 
skull, ii. 378 

Cuculidfe, characters of, ii. 12 
liver, ii. 177 

Cuculus, alimentary canal of, ii. 166 
dorsal vertebrae and sternum, ii. 28 
generative system, ii. 256, 257 
liver, ii. 177 

I Curruca luscinia, lower lai^nx of, ii. 224 
1 Cyclobatis oligodactylus, pelvic arch and 
I limb of, i. 181 

I Cyclodns, vertebral column of, i. 58 
' Cyclodns niger, dermoskoleton of, i. 198 
skull, i. 155 , 
teeth, i. 387, 388, 402 
Cycloclus iiigroluteus, kidneys of, i. 642 
teeth, i. 402 

Cyclolahridit, characters of, i. 11 
; Cycloptenis li parts, gills of, i. 481 
Cyelopterus liimpus, alimentary canal of, 
i. 421 

I changes accompanying age, i. 612 
i . kidneys, i. 534, 036 

mvelencephalon, i. 284 

• nerves, i. 298, 306 

! organs of generation, male, i. 569 
pelvic arcli and limb, i. 180 
Cyclostomi, characters of, i. 9 
muscular system, i. 211 
Cyclura, dermoskeleton of, i. 198 
Cygnus, clmracters of, ii. 9 
adrenals, ii. 229 
air-cells, ii. 212 

alimentary canal, ii. 161, 164, 165 
j beak, ii. 148 

development and peculiarities of the 
! chick, ii. 205 

development of feathers, ii. 241 
eggs of, ii. 255 

; generative system, ii. 244 

' gland for hihricutiiig its feathers, ii. 230 

heart., ii. 187 

I lower larynx, ii. 220 

! organ of sight, ii. 136, 139, 140 
i spleen, ii. 230 

sympathetic system, ii. 127, 128 
tongue, ii. 151 

' Cygnus atratus, development of feathers of, 
j ii. 241 

! period of incubation, ii. 257 

i Cynooephalus porcarius, osseous system of, 
I ii. 517, 531, 532 

■ spleen, iii. 662 

! Cynocephalus sphinx, oesophagus of, iii. 432 

• Cynocephalus Toth, osseous system of, ii, 

I ^^7 

i Cy nogale barbatus, limb-bones of, ii. 510 
i teeth, iii. 331 

i Cyprinidae, chartudors of, i. 10 
I alimentary tjanal, i, 410, 417 

I arteries, i. 489 

vertebral column, i. 43 
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C^'prinoclon, charaolers of, i. 10 
Cyprinodontidas olmractors of, i. 10 
0}'i)rimis ciirpio, inyeleiicopbalon of, i. 275, 
286 

nen-es, i, 297 
organ of hearing, i. 345 
tikull, i. 104, 116 
Cypsolidap, clinrac-tors of, ii. 11 
innsHes of the wings, ii. 96 
niyehriiccphalon, ii. 117 
oSkScohs system, ii. 21 

dorsal vorlebrin andstornuA, ii. 21 
scapular aroli ancriinihs, 74 
CypFolus, alimoutary canal of, ii. 1.57 
dorsal vertebne and sternum, ii. 28 
pelvic liinlis, ii. 81, 83 
sacral vertebrm and tail, ii. 32 
Cystignatliiis pachypus, vertebral column 
of, i. 50 

Cystophyni cristata, heart of, 524 
teeth, iii. 336 

vertebral column, ii. 496, 497 
Cystophora pvo]»oscidea, skull of, ii. 496, 497 
teeth, iii. 337 


D .'VCELO, pelvic limbs of, ii. 81 
jDactylothra, larynx of, i. 527 
teeth, i, 392 
tcguineuls, i. 551 

Dactylethra Mullcri, tegument of, i. .551 
Daetylopterus ('epliaWaullius), air- 
bhwlder of, i. 491 
changes with age, i, 012 
locomotion, i, 257 
mycleiicephalon, i. 271 
pectoral limb, i. 1G7 
skull, i. 119 

Dapcdiiis, characterKS of, i. 12 
ll«^sypodid^c, char,ieters of, ij, 279, 296 
organs of taste, iii. 193 
I)asyf»r(X'ta, characters of, ii. 270 
alimentary canal, iii. 423 
limb-bones, ii. 379 
lungs, iii. 577 
maininary glands, iii. 770 
organs of generation, male, iii. 651 
orjran of ta.sto, iii. 192 
vertebral column, ii. 305 
IJasypus 6-einetu.s, {ilinieutary canal of, iii. 
447 

female ()rgans of generation, iii. 690 
limb-bones, ii. 408 
liver, iii. 484 
lungs, iii. 578 

Dasypus gigas, skull of, ii. 408 
Diisypus macrurufl, thyroid gland of, iii. 
556 

Dasypus peba, alimentaT^' canal of, iii. 440 
development, iii. 731 
heart,, iii, 520 
lirab-i)onoH, ii. 408, 409 
liver, iii. 484 


DlSb 

Dasypus peba -rnw/i«»W. 
lungs, iii. 577 
mouth, iii. 390 
organ of taste, iii. 193 
organs of generation, female, iii. 689 
salivniy glands, iii. 400, 402, 409 
skull, ii. 404 
spleen, iii. 560 

vertebral column, ii. 393, 394 
Dasyiiriihc, muscles of, ii. 1 4 
I Dasyurus lauiarius, teeth of, iii. 291 
Dasyiirus macrurus, alimentary ofinal of 
iii. 412,420 
limb-bones, ii. 360, 36 1 
muscles, iii. 14 
organ of taste, iii. 191 
salivary gdands, iii. 398 
thymus, iii. 567 
thyroid gland, iii. 565 
urinary system, iii. 606 
I Dasyurus Maugoi, skull -bones of, ii, 311 
! Dasyurus ursinus, eliaracters of, ii. 269 
’ alimentary e.anal, iii. 411 
larynx, iii. 585 
limb-l>ones, ii. t359 
mesencephalon, iii. 98 
prosericephalow, iii. 104 
skull, ii. 312, 343 
teetli, iii. 286 
urinary system, iii. 606 
Dasyurus viyerrinus, icmale organ.s of ge- 
neration Ilf, iii. 681 
organ of taste, iii. 191 
urinary system, iii. 606 
Deer, boms of, ii. 464, 478 
horns, iii. 627 
.‘^kfloton, ii. 285 

Dcpneratioii, i. xxxii; ii. 12 ; iii, 795 
Deirotloii (.s:yw. liachiodou) scaber, alimen- 
tary canal of, i. 440 
teetb, i. 393 

Vertebral column, i. 56, 57 
Delpbinkhe, larynx of. iii. 587, 588 
Jimb-bones, ii. 427 
nerves, iii. 162 

organ of hearing, iii. 224, 225 
organ of smell, iii. 204 
organ of ta.sle, iii. 194 
prosencephalon, iii. 119 
’ skull, ii. 124 
teeth, iii. 279 
thyroid gland, iii. 565 
vertebr.al column, ii. 419 
Delphinu.s dcdphi.s, arteries of, iii. 536 
brain, iii. 146 
eereljellum, iii. 91 

female f)Tgans of generation, iii. 691 
macromyelon, iii. 84 
prosencephalon, iii. 115, 120 
teeth, iii. 266, 281.282 
vertebral column, ii. 417 
Delphinus griseus, orgjin of sight, iii. 255 
tcetli, iii. 265, 280 
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Dclphiiuisleucas, skull of, ii. 425 
M'etli, iii. 281 

Ddphiiius tupsio, limb-boiics of, ii. 427, 428 
organ of hoHPing, iii. 224 
vorl,t?brato column, ii. 410, 419 
Dcmlrodus, teeth r>F, i. 867, 1368, 378 
Doiidropliis, locomotion of, i. 261 
D(.'ntine, ostoo- and ams'j-, of tlio teeth of 
Fishes, i. 370 

Dcntirostres, cluiriictcrs of, ii. 10 
Derivative law, iii. 700 
Derm, i. 545 

white and yellow fibres, i, 545 
of Mammalia, iii. 610 
Dermoskoloton of Fishes, i. 193 
Koptiles, i. 198 
Dermoptori, chamcters of, i. 7 

development of verlebrae of, i. 31 
myelenceplialon, i. 271 
Desmodiis, alimentary canal of, iii. 129 
o rgau s < »f taste, iii. 19 2 
organs of touch, iii, 190 
ti'ctii, iii. 311, 313 
Development, initial steps of, i. 640 
llinls, ii. 25!) 

Fishes, i. 601 
Mammalia, iii. 711* 

Kcpliles, j, 630 
Dev'driptmmtal anatomy, i. vii 
Dicliubuiie, cliaraetcrs of, ii. 286 
Dicholon, chMraetrr.s of, ii. 286, 287 
teeth, iii. 266, 340, 375 
l)icolyles, cliaracters of, ii. 286 
alimentary canal, iii. 458 
gland opening on (In' trunk, iii. 635 
Hml)-l)one.s, ii. 480, 481 
liver, iii. 481 
organs of smell, iii, 213 
teeth, iii. 340 
Ycrtobral eolnmn, ii. 458 
.Dicvjnxlon, skull of, i. 159, 160 
‘ icetli, i. 399 

Dicynodout iihe, chanictors of, i. 16 
liieynodontla, charaetor.s of, i. 16 
skull, i. 159 

DicviKMlon tigiiceps, pelvic arch ujkI limb 
of, i. 192 

Didelphis Azjira*, development of, iii. 723 
Didelphis bracliyura, alimentary ciiiml of, 
iii. 411 

lungs, iii. 577 

Didcl[)lii.s cancrivora, mouth of, iii. 385 
teeth, iii. 289 
veilehral column, ii. 332 
Didelphis, characters of, ii. 275 
liinh-bones, ii. 355 
maeromyelon, iii. 82 
mammary glands, iii. 774 
inoseneephalon, iii. 106 
muschrs, iii. 14 
'• ' organ of sight, iii. 261 

skull, ii, 341 
teeth, iii. 288 


DTI’ 

Didelphis clorsigera, mammary glands of, 
iii. 771 

organs of generation, female, iii. 681, 
682 

Didelphis murina, prosencephalon of, iii, 10 1 
Didelphis opossum, larynx of, iii. 584 
male organs of generation, iii. 648 
Didelphis philander, alimentary eanal of, 
iii. 420 

organ of taste, iii. 191 
Didelphis nrsina, teeth of, iii. 360 
Didelphis virgiiilana, alimentary canal of, 

iii. in ' 

liinb-hoiK'S, ii. 353 
mammary gla^Kls, iii. 769, 773 
organs of generation, female, iii. 682 
organ of sight, iii, 24S 
organ of taste, iii. 191 
pro.sc.ncf'phaloii, iii. 104 
skull, 343 

vertt;bral eolnmn, ii. 332, 334 
Didiis, characlers of, ii. 12, 13 
skull, il. 48, 49, 57 
Diiuoi’)>hodon, characters of, i. 18 
teeth, i. 405 

Dinornis, characters of, i. xxxiii. ; ii. 12, 13 
goncrativo system, ii. 256 
osseous system, ii. 20, 21, 31, 35, 
48 51, 56, 61-66, 75, 76 
Dinosauria, eliaractors of, i. 18 
vcn’tebral column, i. 70 
Diuothorium, cliaracters of, ii. 282, 206 
teeth, ill. 313, 358, 359, 378 
vertebral column, ii. 410 
Diodon, air-l>l;uMer of, i. 191 
alimentaj'v canal, i.415 
dormoskeloten. i. 198 
gills, i. 178, 481 
myehmcephalun, i. 272 
nerves, i. 306 
.skull, i. 109, 118, 124 
teeth, i. 378 

l)iomeda\'i, characters of, ii. 9 
locomotion, ii. 116 
lower larynx, ii. 225 
o.sseous system, ii. 15, 23, 31, 61, 67, 
71, 82 

Diphyoclonts, teeth of, iii. 283 
Sirenia, iii. 283 
Marsupiaiia, iii. 285 
Uodontia, iii. 294 
Jnsectivora, iii. 301 
Quadnimana, iii. 313 
Dimana, iii. 322 
Carnivora, iii. 327 
Dipnoa, characters of, i. 7, 8 
Dipodidie, organ of .sight of, iii. 248 
Dipixitodon, teeth of, ii. K)5 ; iii. 291, 293 
Dipsadidai, organ of sight of, i. 338 
Dipsas eynodon, toetli of, i. 395 
Dipt er Idas oharaclors of, i. 12 
Dipt.<*rus, characters of, i. 12 
Dipus Siigitta, limb-bones of, ii. 383 
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JDipus sagitta — continued, 
liver, iii. 485 

organs of generation, male, iii. 654 
skull, ii. 376 
vertebral column, ii. 366 
Discoboli, skull of, i. 114 
Discoglossus, teeth of. i. 392 
Dispholidus, liver of, i. 451 
Dog, alimontary canal of, iii. 443 
bones, ii. 492, et seq, 
ear, iii. 235 ^ 

locomotion, iii. 69 
organs of generation, fii. 670 
organ of smell, iii. 21 5 
teeth, iii. 330, 331, ^173 
Dolicliotis, mammary gland.s of, iii. 775 
skull, ii. 377 
teeth, iii. 297 

Dolphin, bones of, ii. 416, 418 
brain, iii. 115, 119 
teeth, iii. 282 

Dorcatheriiim, charaoters of, ii. 286 
Doucs, bones of, ii. 519, et seq. 

Draco volans, characters of, i. xii. 

alimentary canal, i. 433, 434, 441, 
415 

liver, i. 449, 451 
locomotion, i. 264 
male organs of generation, i. 580 
myelcnct'phalon, i. 268 
pectoral limb, i. 175 
skull, i. 156 
teguments, i. 556 
vertebral column, i. 58 
Drills, hone.s of, ii. 532, et seq. 

Diomaius, alimentary canal of, ii. 162 
heart, ii. 185, 183 
kidneys, ii. 227 
liver, ii. 177 
Jou'er larynx, ii. 220 
lung.s, ii. 210 

o.sseous system, ii. 23, 2 1, 33, 34,36, 52, 
61, 66 

tegunicntary system, ii. 235, 257 
Dromc<lary. HfiC Cainelus. 

Dryinus nasutus, teeth of, i. 305 
Drj'ophis, organ of sight of, i. 338 
organ of taste, i. 327 
Dugong, alimentary canal of, iii. 455 
l>oncs, ii. 430 
diaphragm, iii. 2 
hwut, iii. 521 
pancreas, iii. 495 
respiratory system, iii. 579 
teeth, iii. 2S3 
urinary system, iii. 607 
Dules raaculalus, air-bladder of, i, 491 


AR, partillol between tho eye and the, 
iii. 261 

Echeneis romora, changes with growth of, 
i. 612 

dermoskeletoB, 1, 196 


ELE 

Echoneis remora — continued, 
liver, i. 426 
myeleucephalon, i. 274 
myology, i. 211 
teeth, i. 377 

Echidna. Sec Vipera arietans. 

Ec^hidna, characters of, ii. 275, 297 
cerL'bellum, iii. 89 
development, iii. 767 
mammary organs, iii. 766 
mouth, iii. 383, 385, 39G 
muscles, iii. 7 
inyelon, iii. 74 

organs of generation, female, iii. 640, 
644 

organ of hearing, iii. 228 
orgajj of sm**ll, iii. 208 
osseous system, ii. 311, 312 

vertebral column, ii. 316-319 
limb-bones, ii. 325-328 
prosencephalon, iii. 102, 103, 128 
Halivfiry glands, iii. 396, 397, 409 
teeth, iii. 265 

Eehiniyidjje, teeth of, iii. 299 
Eehiniys, liver of, iii. 485 

mammary glands, iii. 775 
Eehinops, teeth iii. 309 
hldentala, characters of, ii. 278, 295. See 
Hriita. 

J’klentula, charaelers of, ii. 296 
Edestes, (lermoskeleton of, i. 194 
Elaphis 4-lineatvis, male organs of genera- 
tion of, i. 580 

Klasmotherium, characters of, ii. 284 
Klectric organs of Fishes, i. 213, 350 
Electricity, relations between, and the nerv- 
ous and muscular forv'cs, i. 316-318 
Elegiiius, air-blad<ler of, i. 493 
Elk, bones of, ii. 478 
Elephant, alimentary canal of, iii. 457 
bones, ii. 437 
generation, iii. 740 
liver, iii. 479 
mouth, iii. 390 
muscles, iii. 49 
nerves, iii. 152 
nervous system, iii. 75 
organ of hearing, iii. 232 
orgyn of sight, iii, 246 
organ of smell, iii. 210 
peritoneum, iii. 503 
prol>osei3, iii. 390 
respiratory system, iii. 580 
skeleton of the, ii. 282 
teeth, iii. 276, 359 
tusks, iii. 359-361 
tongue, iii. 194 
Elephas, characters of, ii. 282 
cerebellum, iii. 90 
muscles, iii. 49, 66 

myelon, iii. 75 ^ 

teeth, iii, 265, 343, 359-361 
vertebral column, iii. 440 
Elephas africflnus,ssknll of, ii. 438, 439 
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Elephas indicus, brain of, iii. 143 
development, iii. 740 
limb-bones, ii. 443 
mouth, iii. 390 

organs of generation, female, iii. 692 
organ of hearing, iii. 232 
organ of sight, iii. 260 
pro.senceplialon, iii. 123 
skull, ii. 439 
vertebral column, ii. 437 
Elephas primigeniiis, hair of, iii. 618 
teeth, iii. 362 
EIops, skull of, i. 125 
Elosia, alimentary canal of, i. 436 
Eniljallonura, glandular cutaneous sac on 
the anterior bortlcr of the wing of, iii. 038 
Emboriza, character.s of, ii. 10 
Embryology, ii. vii, xx 
Emyda ceylonensis, teguments of, i. 557, 558 
Emys, characters of, i. 17 
development, i. 639 
pancreas, i, 454 
pelvic arch and limb, i. 187 
skull, i. 127, 130, 134 
vertebral column, j. 61, 04 
/Emys (spi. Ci.sludo) curopjea, absorbents 
of, i. 4Gl '• 

alinientary canal, i. 441-445, 447 
blood, i. 501 
heart, i, 510 
kidneys, i. 611 
larynx, i. 529 
liver, i. 448, 4.j(.) 
myology, i. 231-242 
organs of generation, male, i. 582, 583 
female, i. 587 
organ of sight,!. 339, 340 
]):increas, i. 454 
pectoral limb, i. 173 
pelvic arch and limb, i. 186, 187 
skeleton, i. 60 
skull, 131, 132 

sympathetic nervou.s system, i. 322 
Emys picta, development of, i. 639 
oviposit ion, i. 618 

Emys reticulata; alimentary canal of, i. 464 
blood, i. 501 
liver, i, 450 
pancreas, i. 454 

Emys serrata, alimentary canal of, i. 116 
Vdood, i. 601 
livop, i. 451) 
pancreas, i. 454 

Emys terrapin, liver of, i. 450, 451 
Eiihydra, alimentary canal of, iii. 146 
mammary glands, iii. 780 
organ of he,aring, iii. 234 
teeth, iii. 333, 336 
Entelodon, characters of, ii. 286 
Eporlanus, neiwes of, i. 298 
• i'Jphippus, changes accompanying growth 
of, i. 612 

organ of hearing, i. 343 


EKI 

Ephippus— 

skull, i. 108, no. 111 
Epihulus. f^ee Spams 
Epiderm, i. 545 
Aves, ii. 232 
Mammalia, iii. 613 
Epigenesis, iii. 809 
Equation, organic, i. xxvii 
Equidse, characters of, ii. 283, 296 ; iii. 791 
arteries, iii. 534 
development, iii. 737 
epiderm, iii. 616 
larynx, iii. 593 
lirnb-boncs, iii. 308 
skull, ii. 451 , 

lilquus caballus, characters of, i. xxxii, 360; 

ii. 285, 305, 310 
adrenals, iii. 670 
alimentyry canal, iii. 458-460 
cerebellum, iii. 91 
development, iii. 734-736 
epiderm, iii. 616 

hair, iii. 617 
heart, iii. 522 
larynx, iii. 692 
liinb-l)oncs, ii. 456 
liver, iii. 479 
mammary glands, iii. 778 
macromyelon, iii. 85 
mesrnct-[>halon, iii. 98 
mouth, iii. 391 

muscles, iii. 27, 32, 34, 39, 40, 41, 67 
organs of generation, male, iii. 664-667 
female, iii. 694 
organ of hearing, iii. 232 
organ of smell, iii. 212 
organ of taste, iii. 195 
prosencephalon, iii. 114, 120, 121, 123 
pancreas, iii. 495 
salivary glands, iii. 403 
skull, ii. 451, 453 
spleen, iii. 561 
teeth, iii. 340, 343, 352, 355 
thyroid gland, iii, 565 
urinary system, iii. 607 
vertebral column, ii. 447 
Eftuus asinns, alimentary canal of, iii. 448 
epiderm, iii. 616 
prosencephalon, iii. 142 
thyroid gland, iii. 565 
ikpius qimgga, alimentary canal of, iii. 

448 

Equus zebra, alimentary Cfinal of, iii. 448 
epiderm, iii, 016 
habitat, iii. 794 
Esquimaux, skull of, ii. 566 
Erethizon, liver of. iii. 485 
mammary glands, iii. 775 
Ei*iculu.s, teeth of, iii. 309 
Erinaceidae, charaolers of, ii, 296 
skull, ii. 390 

Erinaeeus europeus, ulimentary canal of, 

iii. 427 
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Efiliaceiis oaropeus— co uid. 
art.orics, iii. />35 
brain, iii. 108 
cliaraoters, ii. 297 
development, iii. 730 
hair, iii. 621 
hybernation, ii. 4 
larynx, iii. o8G 
liver, iii. 484 
lungs, iii. 577 
mammary glands, iii. 770 
mu.sdes, iii. 18, 19 
myelun, iii. 74 

organs of generation, male, iii. 089 
pancreas, iii. 494 ^ 
placenta, iii. 730 
prosencephalon, iii. 109 
skill], ii. 390 
spines, iii. 622 
spies 'll, iii. 500 
siibentaneons fat, iii. 785 
teeth, ill. 308 
thymus, iii. 568 
v<»iii.s, iii. 553 
vortobral eohinin, ii. 385 
PIrythrinus, skull of, i. 116, 120 
Krythrinns sulviis, air-bladder of, i. 492 
ErvUirinus tfeniutu.s, air-bladder of, i. 492, 
494 

Eryx jacnlns, teguments of, i. 554 
lilsociila?, characters of, i, 10 
Plsox lueiu.s, chai’aeters of, i. 10 
alimentary canal, i. 421 
arteries, i. 4 SO 
de^•eloJlInent. i. 003 
neiTcs, i. 297 
organ of sight, i. 340 
ovulation, i. 595 
i. 381 

tegument .s, i, 547 
veiii.s, i. 408 
vertebral, column, i. 37 
Eucnemi.s, teetlj of, i. 392 
Euplioiie.s, alimentary canal of, ii. 161, 100 
l!]apliyset(*s .simus, larynx of, iii. 588 
skull, ii. 426 
teeth, iii. 281 
vertebral column, ii. 416 
Eupleres, limb-boiie.s of, ii. 510 
Enphraetus, teeth of, iii. 273 
Involution, iii. 809 

P^xococtus, alirneulary canal of, i. 413 
locomotion, i. 257 
myeleneephalon, i. 271 
pecUral limb, i. 168 
tecih, i. 377 
Eye of Avon, ii. 142 
of Ei.shc.s, i. 332 
Mammalia, iii. 246 
lleptiles, i. 337 

F acial angle, progression of the, ii. 571, 
572 


FEL 

F aeces, petrified, or coprolites, of Fishes, i. 424 
, Boptilcs, i. 440 

ralco, adrenals of, ii. 230 

appendages of tho tegument, ii. 235 
male organ.s of generation, iii. 242 
organ of .sight, ii. 137 
osseous system, ii. 32, 60 
Feathers, eompom*nt parts of, ii. 233 
devolopraont, ii. 236 
moulting, ii. 241 

uuetuoiis fluid of llirds for lubricating 
ii. 230 

Fclida*, alimentary canal of, iii. 433 
brain of, iii. 116, 118, 125, 128 
locomotion, iii. 69 
mammary glands, iii. 780 
musele.s, iii. 51 
nerves, iii. 159, 181 
organ of hearing, iii. 235 
osseous sy.stem, ii. 488 
skeleton, iii. 488 
I limb-bones, iii. 510 

I placenta, iii. 742-714 

I teeth, iii. 328, 330, 369, 370 

urinary system, iii. 005 
Fclis caracal, organ of taste of, iii. 198 
Felis catns, dovelftpinent of, iii, 743 
larynx, iii. 596, 597 
imunmurv glands, iii. 780 
inuse]es, ’iii. 51 

organs of geni'ratiou, male, iii. 671 
organ of siglit, iii. 252 
pancreas Ascii ii, iii. 512 
prosencephalon, iii. 110, 117 
skull, ii. 506 
tongue, iii. 198 
Felisjubala, brain of, iii. 118 
I'Vlis leo, alimentary canal of, iii, 412, 413 
arteries, iii. 535 
development, iii. 744 
heart, iii. 523 
larynx, iii. 596 
liver, iii. 485 
locomotion, iii. 70 
lungs, iii. 582 
mane, iii. 611 
mmsi'lcs, iii. 51 

organs of generation, male, iii. 671 
organ of sight, iii. 252 
organ of .smell, iii. 216 
0.SSCOUS system, ii. 288 cf mj. 
limb-bones, ii. 288, 289 
vertebral column, ii. 492, 403 
skull, ii. 505, 506 
pelvis, ii. 51 1 
pancreas, iii. 496 
teeth, i. 362; iii. 327, 328 
tongue, iii, 198 

Polls leopaniuH, female organs of genera- 
tion of, iii. 700, 701 
organ of taste, iii. 198 • - 

Pcli.s on^a, nerves of, iii. 175, 181 
organ of taste, iii, 198 
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FEL 

Folis tijEpTis, heart of, iii. 523 
lungs, iii. 582 

male organs of generation, iii. 07 1 
organ of hearing, iii. 234, 235 
skull, ii. 505 

Fiber zibothicus, skull of, ii. 375 
Fins of Fishes, i, 252 
Fishes. *SV'<? Pisces 
Fistulariitlje, ch}iraf?ters of, i. 13 
vertebral column, i. 41 
Fissi lustres, cliaraetors of, ii. 10 
beak, ii. 147 

Flat-heiul Indian, skull of, ii. 508 
Flounders, absenc^e of air-ldadder in, i. 255 
FtcLul formation in Marninalia. Mam- 
mal ia. 

inodificalions, iii. 751 
circulation, iii. 755 
iM'Ot in Artiodaelyla, ii. 28G 
Bnita, ii. 4(»9 
Carnivora, ii. 507 
Man, ii. 576 
Marsupial ia, ii. 301 

pedes .saltatorii, ii. 3(»I 
reris.sodaelyla, ii. 457 
Proboscidia, ii. 444 

Form ifaet ion, iii. pp, 40t>, 514, 550, 503, 
500, 813 

Fox, l»oncs, ii. 402, et mj. 
brain, iii. 118 
nerves, ii. 175 

Francolinus, dor.sal vertebra? ami sternum 
of, ii. 27 

Fratercula., external .sexual characters of, 
ii. 257 
skull, ii. 01 

Frfgilu.s, boiic.s of, ii. 32 
Fringilla, characters of, ii. 10 
organ of touch, ii. 128 
rriiigilla cadeba, egg.s of, ii. 257 
Frog, blood-fli.scs of, i. 4 
Oalvani’s, i. 315-317 
locomotion, i. 202 
FuHc.j, locomotion of, ii. 113 
I’lU'iiaria, lower larynx of, ii. 224 


p AT)IT)2!^, characters of, i. ID 
U air-bbulder, i, 493 
liver, i. 125 
peetor;d limb, i. 103 
pyloric appendagf‘.s and pancreas, i. 

430 

iladns, jiirddadder of, i. 492 
alimentary canal, i. 421 
arteries, i. 489 
gills, i. 481 
nerves, i. 297 

pyloric appendages and pancreas, i. 
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veiiLs, i. 468 
vertebral column, i. 13 
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GAB 

Gadu.s ffiglofinns, Tcrtebrnl column of, i. 40 
ffadus callaria.s, gills of, i. 483 
Gadns navaga, air-bladder of, i. 492 
vertobral eoliimn, i. 38 
Galago ealabariensis, ca?cuni of, iii. 431 
Galago MoliolijOsec?!!!!! of, iii. 431 
Galaxida', characters of, i. 10 
Galbulidfc, eharacters of, ii. 11 
Galc?cvnt]s, skull of, ii. 503 
Galeoceido, alimentary eansil of, i. 422 
Galcopit^eciis Phil i ppi nensis, alimentary 
canal of, iji. 429 
intcrfenioral flap, iii. 612 
lungs, iii. 577 

male organ.s of^encration, iii. 657 
vertelmil column, ii. 512 
Galcopithecns volans Tcniniinckii), 

alimentary canal of, iii. 430 
limb-lames, ii. 393 
nipples, iii. 770 
skull, ii. 387, 520 
spleen, iii. 562 
teeth, iii. 311, 312, 313, 3C9 
vertebral column, ii. 512 
Galosaunis, alimentiiry canal of. i. 409 
Galeus, alimentary canal of, i. 123 

femah? organs of generation, i. 575 
heart, i. 474 
kidiiey.s, i. 530 
liver,*}. 426, 127 
organ of sight, i. 334, 336 
Vertebral column, i. 33, 35 
G.allotc.s, alimentary canal of, i. 145 
(bill-bladder, i. 427, 451 ; ii. 177 
Gallinacei, cliaracters of, ii. 10 
alimentary canal, ii. 159, 173 
dor.sal vertebne and steninni, ii. 27 
sacral vertebra*, pelvis, and tail, ii. 32 
Gallimda, locomotion of, ii. 113 
;illo|>ha.sis, generative system of, ii. 257 
allns, cIiar5ietor.s of, ii. 14 
alimentary canal, ii. 159 
arteries, ii. 203 
development, ii. 259-262 
generative system, ii. 213, 215, 216- 
254 

nerves, ii. 122 
nervous system, ii. 318 
ossf'Ou.s .system, ii. 11, 27 
Galvaui's frog, i. 315-317 
Ganglionic, or sympathetic, svstem. i.2()7 
Ganglions, absorbent, iii. 601 
Gauocepbala, characters of, i. xxxviii. 6, H 
.skull, i. 85 

Ganoidei, eharactcr.s of, i. xxvli, 12 
vertebral column, i. 41 
Ga.storostens, alimentary canal of, i. 421 
dennoskelcton, i. 193 
development, i. 601 
fecundation, i. 614 
nerves, i. 298 
ovulation, i. 594, 596, 5i)9 
Gasterostcus, ovarian egg of flic, i. 1 

L 



ssi 


GENERAL INDEX, 


GAS 

Gastric glands, ii. 162 
Gastric 3 nice, iii. 437 
Gavialis, liver of, i. 451 
teeth, i. 406 

Gecko, reproducible parts of, i. 567 
locomotion, i. 263 
Geckotida', larnyx of, i. 529 
locomotion, i. 263 
Gempylus, characters of, i. xxxiii 

changes accompanying growth, i. 612 
Qenerativo pnxlucts anti dovelopinent in 
Haematocrya, i. otiJ) 

Fishes, i. 589 
Reptiles, i. 614 
Aves, ii. 251 « 

Geococcyx, osseous system of, ii. 34,36 
Geomys, thyroid gland of, iii. 565 
Gibbons, bones of, ii. 520, H scq. 
luuseles, iii. 53 

Giraffe, alimentary canal of, iii. 471 
bones, ii. 463, 475 
brain, iii. 1 14 
development, iii. 739 
horns, iii. 627 
liver, iii. 480 

filareola, sternum of, ii. 26 
Glaiicopis, wattjfsof, ii. 129 
alimentary canal of, ii. 171 
Glisorox. See Tupaia 
Glyphisodoii saxatilis, liver of, i. 426 
Glyphisodon, vertebral colunui of, i. 14 
Gl}ptcK'lon, oharaefers of, ii. 297 
limb-bones, ii. 409 
skull, ii. 405 
teeth, iii. 271, 273 
vortelrnil c<dumii, ii. 303, 395 
Gyps, osseous system of, ii. 17, 35, 40 
Goat, organs of genenilion tjf, iii. 667 
Gobiesox, gills of, i. 480 
Gobioid li.shes, locomotion of, i. 257 
Gobius, ft^undation of, i. 614 
Gobiidai, characters of, i. 14 
Goniopliolis, dermoHkeh t.oii of, i. 199 
Goose, blood -discs of, i. 4 
Gorilla. See Troghxlytes Gorilla 
Goura, ohanicters of, ii. 10 
dorsal vcrU?bne, ii. 27 
sacral vertebne, pelvis, and tail, ii. 
32 

sexual char.wters, ii. 257 
Grallatores, tharacter of the order, i. 9 
Grampus, teeth of, iii. 281 
Greenlander, skull of, ii. 565 
Grus, alimentary canal of, ii. 173 
pancreas, ii. 178 

Grus antigone, lower hirjmx of, ii. 220 
system, ii. 22, 81 

Gnuj c.inerea, Bir> passages of, ii. 218 
lower Ifirynx, ii. 220 
skull, ii. 58 

Grus Stanleyanns, lower larynx of, ii. 220 
Grus virgo, generative systejii of, ii, 243 
liver, ii, 177 


Grus virgo — continued, 
lower Karyiix, ii. 220 
osseous system, ii, 23, 81 
Guinea-pig, generation, iii. 727 
organ.s of generation, iii. 652 
osseous system, ii. 380 
Oulo arcticus, organ of hearing of, iii. 235 
skull, ii. 501 

Gymnarchus niloticus, electric organs of, 
i. 360 

Gymiiftrus, air-bladder of, i. 493 
Gymnodoiitidae, characters of, i. 11 
Gymnopus, skull of, i. 130 
vcM'tehral eohimn, i. 61 
Gymnotida?, oharaetors of, i. 10 
pelvic arch and limb, i. 170 
Gymnotus, alimentary canal of, i. 409 
arterie.s, i. 489 
electric organs, i. 350 
miiseles, 1. 21 1 
verteln*al column, i. 43 
Gymnotus elect rieus, air-bladder of, i. 401 
electric organs, i. 352-354, 356. 357 
male organs of generation, i. 569 
neiTCs, i. 273 

Gymnotus equilabiatus, air-bhuldor of, i*. 
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Gymuura, .skull of, ii. 390 
teeth, iii. 308 

Gypogeranus, alimentary canal of, ii. 171 
osseous system, ii. 23 

dorsal vortebrte and .sternum, ii. 

23 

pelvic limbs, ii. 81 
Gyrtmccjdiala, charucter.s of, ii. 272 
brain, iii. 1 14 
generative organs, iii. 641 
locomotion, iii. 24 
iieia'cs, iii. 147 

nervous system, iii. 98, rf mq. 

Jin seiicephalon, iii. 98 
l)ro.‘^encepha,lon, iii. 99, 114, 128 
urinary syst-'iii, iii. 604 
Oyrosteus, growth of bones of, i. 24 


H A15KOCOMA, mammary glands of, iii. 
775 

Iltfimatocrya, a!)sorl>ont system of, i. 455 
circulating system, i. 463 
dige.stive sy.stem, i. 359 
dental tissues, i. 359 
generative products and developnieiit, 
i. 589 

generativo system, i. 568 
inu.scular sy.stem, i. 200 
nervous sy.stem, i. 266 
nervous tls.sues, i. 266 
myenccphalic membrane.^, i. 296 
sympathetic nervous system, i. 
318 • " 

organ of touch, i. 325 
taste, i. 327 
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Hacmatocrya — contimwd. 
organ of stiujII, i. 328 
sight, i. 331 
hearing, i. 342 
electric organs, i. 350 
orders, i. 9 

I. Cirrostomi, i. 9 

II. Cyolostoini, i. 9 

III. Malacoi>tfri, i, 9 

IV. Anacaiitliini, i. 10. 

V. Acanthopteri, i. 10 

VI. Plecfognuthi, i. 11 

VII. Lophobranehii, i. 12 

VIII. Oanoidci, i. 12 

IX. Iloloceplmli, i. 12 

X. Plagiostomi, i. 13 

XI. Prutoptcri, i. 14 

XI I. Gsinocephala, i. 14 

XIII. Lahyriiithodontia, i. 14 

XIV. Rat radii a, i. 15 

X\^ Idithyopterygia, i. 25 

XVI. »Sauroptoi* 5 'gia, i. 10 

XVII. Anomodoutiii, i. 16 
XVMir. Chdonia, i. 16 

XIX. Laeerfilia, i. 17 
* XX. ()phidia,fci. 17 

XXI. Crocodilia, i. 17 
XXII. Diuo.siuria, i. 18 
XX 11 1, Pt(!i»sauria, i. 18 
osseous systi'in, i, 19 
classes of bone, i. 26 
composition of bone, i. 19 

proportions of liard and soft 
matter, i. 19 

chemical composition, i. 20 
dcmioski'b ton, i. 193 
development, i. 21 
growth, i. 23 
pectoral liinh, i. 163 
pelvic arch and limb, i. 179 
scapular arch and appeinlages, i. 
161 

skull, i. 71 
vertebnu, i. 30 

poculiar and ductless glands and ru- 
produciblo parts, i. 502 
re.spiriitory system, i. 463 
subclasses, i. 7 

I. Dermopteri, i. 7 
TI. Tcleostomi, i. 7 

III. PJagiostomi, i. 8 

IV. Dipnoa, i. 8 

V. Monojmoa, i. 9 
togumeiitary system, i. 545 
urinary system, i. 533 
iJamiatopuB, pelvic limb.s of, ii. 82 
iiaauatotherma, characters of, i. 7 ; ii. 1*-I 
therinogcnous organic condition,^, ii. 1 
their results, ii. 3 

^ ^ characters and orders of the class 
. Avoa, ii. 5 
lliur of Mammabs, iii, 616 
Ibuadroma, pelvic limbs d, ii. 82 


HBb 

Ilalia&t.us, bones of, ii. 21 
alimentary canal, ii. 171 
Halichorus grisous, vertebral column of, ii. 
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Halicore, characters of, ii. 281, 296 
alimentary canal, iii. 455, 457 
arteries, iii. 547 
heart, iii. 521 
larynx, iii. 589 
lungs, iii. 579 
musilcs, iii. 2 

orgaiLS of generation, male, iii. 660 
female, iii. 092 
organ of siglit, iii. 250 
organ of .smell, fii. 210 
organ of ta.ste, iii. 104 
pancreas, iii. 495 
skeleton, i. 361, 363, 365 

vertebral column, ii. 429, 430 
skull, ii. 433-436 
spleen, iii. 561 
teeth, iii. 283 
urinary system, iii. 607 
Halcyon, eggs of, ii. 256 
ITalieutavi, gills of, i. 478 
organ of to licit, i, 326 

HaIrnatuniH Henncttii, female organs of 
general i«m of, iii. 683 
limb-)»oTies, ii. 318 
.skull, ii. 345 

Hamster.*^, alimentary canal of, iii. 421 
Hand of -Man, ii. 673 

Hapalu jacchus, alimentary canal of, iii. 
432 

dovelopmoiit, iii. 745, 746 
larynx, iii. 598 

O.S.SC 011 S system, ii. 515, 529, 530, 
542 

proscnceplifilon, iii. 129 
teeth, iii. 315 

Hnpaloti.s, teeth of, iii. 365, 382 
Haplodact.ylu.s, teeth of, i. 371 
Hare. »SVc I.epus 

H;»rpacte.s, dorsal vertebiw and sternum of, 
ii. 28 

Harptna, bono.s of, ii. 17, 36 

Hatteria. See Rhynchwephalns. 

Hedgehog, alimentary canal of, iii. 427 
i»oiies, ii. 385 
muscles, iii. 18 
org:in.s of gcuoratiou, iii. 656 
organ of hearing, iii. 229 
spines, iii, 621 
teeth, iii, 301 

Ilelamys capensis, glands opening upon the 
head, iii. 634 

and upon the trunk, iii. 636 
heart, iii. 520 
limh-bonos, ii. 382, 383 
liver, iii. 485 
* luugs, iii. 577 
skull, ii. 376 
vertebral column, ii. 365 
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HEL 

Holiastes insolatiis, air-bladder of, i. 491 
Helostomiis, teeth of, i. 373 
Hemipodius, saeral vortebrie of, ii. 32 
Heptanchus, heart of, i, 474 
vertebral colimin, i, 37 
Herpestes Ichmainion, maiumary glands of, 
iii. 780 
skull, li. 503 

ITerpestos iniingo, skull of, ii. 503 
Herpestes peneillata, limb-bones of, ii. 510 
Herpeton tentaeulatiiin, organ of Aaste of, 
i. 327 

tegument, i. 555 
ITeterobranchus, gills of, i. 487 
skull, i. 108 ■ 

Iletorixlon niger, iiliinentary canal of, i. 
446 

Heteropygii, eliaraef ers of, i. 10 
Ilexaiilhus, heart of, i. 474 
Hexaprotodou, teeth of, iii. 347 
Ilierax, osseous system of, ii. 27 
Hippoeampidie, eharaeters of, i. 12 
Hippocampus, marsupiiim of, i. 014 
Ilippoglossus vulgaris, nurves of, i. 297, 
299 

skull, i. 110, 112, 115 
vertebral colunm, i. 42 
Hippoliyus, teeth of, iii. 343 
Ilippariou, cliaracters of, I, xxxii ; ii. 281; 
iii. 791 

limb-bonos, ii. 309 
teeth, iii. 340, 342 

Jfippopotamus, characters of, ii, 283, 286 
alimentary canal, iii. 466 
bones, ii. 457, 465 
lungs, iii. 581 
organ of hearing, iii. 232 
organ of smell, iii. 213 
prosencephalon, iii. 122 
skull, ii. 465, 466, 470 
teeth, iii. 340, 343, 316. 

II inuido, characters of, ii. 10 
eggs, ii. 257 
muscular .sy.steTn, ii. 84 
Jlistiophofus, skull of, i. Ill 
Ilistiurus Lophura), clerinoskeleton 

of, i. 198 
teeth, i. 402 
teguments, i. 550 
vcrtel»ral Cfjliimn, i. 60 
Histology, i. vili. 

Holconoti, d(!Vclopnicnt of, i. 614 
Hog, Sec Sus 

Holoo.cntrnm hastatum, liver of, i. 425 
Hob)Centrurn orientab*, liver of, i. 425 
Holoctmtrum Sogho, alimentarv canal of, 
i. 438 

liver, i. 426 

Holocephali, characters of, i. 12 
verteljral column, i. 35, 41 
Holoptyehidtie, characters i. 12 
Holoptychiiis, tcetluof, i,»378 
Homalopsis, teeth of, i. 395 


llOAl 

1 Homo, charaetors of, i. xii, xvi, xxxv, 
xxxviii, 4; ii. 273, 274, 291, 292, 
293, 298 

absorbent system, iii. 507 
alimentary canal, iii. 383, 431 
mouth, iii. 396 

I saliviiry system, iii. 405-409 

I stomach, iii. 434 

I arteries, Iii. 436 

• iutesrinal eaiial, iii. 437 

I colon, iii. 410 

duodenum, iii. 441 
; ca'cum, iii. 4 11 

rectum, iii. 442 
pelvis, iii. 442 
circulating system, iii. 513 
blood, i. 1 ; iii. 511 
heart, iii. 525, 530-532, 531, 548 
pericardium, iii. 525 
auricles, iii. 525 ”527 
i ventricles, iii. 526, 527 

oiidoeardium. iii, 528 
muscles of, iii. 52iS 
arteries, iii. 534, 548 
veins, iii. 550, 556 
sph-eii, iii. 557, 562 
thyroid, iii. 566 
thynius, iii. 568 
adrenals, iii, 569, 570 
generative system, iii. 673 
male, iii. 612, 673, 071 
female, iii. 704-708 
ovaria, iii. 704 
oviduct, iii. 701 
uterus, iii. 701 
c-xti rnal parts, iii. 798 
genemtive- products and development, 
iii. 7tt9 

ovulation, iii. 709 
ovipont, iii. 711 
corpus lutcum, iii. 712 
impregnation, iii. 713 
development, iii. 747, et seq, 
liver, iii. -183, 487, 488, 491 
locomotion, iii. 61, 65 
lymphatics, iii. 597, 509-511 
inainimiry glands, iii. 780 
muscles, iii. 51, 55, 59. 61, 62 
nerves, iii. 118, MO, 154, 157-159, 
161, 166, 167, 178, 181, 184 
in?rvons system, iii. 75 

myelon, iii. 75, 76, 77, 78 
encephalon, iii. 79 
inaeromyelon, iii. 81. 82, 83, 85 
cerebellum, iii. 88, 92-97 
prosencephalon, iii. 121, 127-1 '^*5, 
138-141, 142 
cerebrum, iii. 131 
size of brain, iii. 111-146 
membratH s of the brain, iii. 1 bi 
nerv(;.s, iii. 146 ’ 

ganglia, iii. 184 
organ of tyucli, iii. 187 
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Homo: -continued, 

organ oftasto, iii. 190, 199-203 
smell, iii. 206, 217 
hearing, iii. 219, 22.5, 237- 
“251 

Ixmes of ear, iii. 21 9, -237 
muscles, iii. 210, 245 
sight, iii. 240, 252 
eyeball, iii. 216 
aj)pemhiges of the eve, 
iii. 258 

paralld between the eye 
and the car, iii. 261 
osseous system, ii. 294, 553 
skeleton, ii. 553 

A. vertebral column, ii. 553 
cervical, ii.554, 557 
dorsal, ii. 551 
lumbar, ii. 551 
sacral, ii. 556 
11. skull, ii. 558 
form, ii. 558 
bones of, ii. 559 
ethnic, variety, ii. 5G3 
C. lames of the limb.s, ii. 572 
clavicle, ii. 572 
sca]>uh\, ii. 572 
lnmi(‘rns, ii. 573 
radius, ii. 573 
ulna, ii. 573 
haiul, ii. 573 
ilium, ii. 574 
iscliium, ii. 574 
pelvis, ii. 575 
foot, ii. 576 
femur, ii, 577 
tihiii, ii. 577 
patella, ii, 581 

nlatious to archetype, ii, 58 1 
pancreas, iii. 497 

peritoneum ami appendages, iii. 500, 
501 

res]>lratory system, iii. 572 
lungs, iii. 573, 582 
larvnx, iii. 582, 583, 601, 632 
teeth, in. 266, 322, 362, 376 
tegnmontary system, iii, 613 
derm, iii. 613 
epidenn, iii. 614, 016 
hair, iii. 019, 021 
nails, iii. 023 
urinary system, iii. 608 
Homology,), vii, xii, xviii, 243; ii. 310; 
iii. 787 

Homopus, pectoral limli of, i. 173 
Hoofs of Maninmlia, iii. 623, 624 
Hoplunifcj, teguments of, i. 556 
Hor.so. hce Eipms caballns 
Horse, alimentary canal, iii. 458 
brain, iii. 85, 1.20, 121 
* ge.station, iii. 735 
locomotion, iii. 67 
mouth, iii. 391 


HYh 

Horse — emiiinncd . 
muscles, iii. 27 
organs of generation, iii. 664 
organ of hearing, iii. 233 
organ of sight, iii. 251 
organ of smell, iii. 212 
osseous system of, ii. 447 
salivary glands, iii. 403 
teeth, iii. 353 

Hottentot, skull of the, ii. 564 
Human .anatomy {spi. Anthropotomy), i. 
viii , 

Hyieiia crocuta, teeth of, iii. 329 
voHebral column, ii. 492 
iryaena vulgaris, amil glands of, iii. 637 
development, iii. 744 
limb- bones, ii. 510 
mamniary glands, iii. 780 
nerves, iii. 177 
skull, ii. 504 
teeth, iii. 329, 330 
tongue, iii. 198 
urinary organs, iii. 605 
vertebral column, ii. 492 
Hvrenodon, teeth of, iii. 339, 340, 372, 375, 
790 

ITyliodonlidas characters of, i. 13 
llyhodus, teeth of, i. 378 
Hydras pis, pelvic arch and limb of, i. 186 
Jlydrocoerus, limb-bones of, ii. 380 
mammary glands, iii. 775 
month, iii. 387 

organs of generation, male, iii. 686 
sknll, ii. 369, 377 
teetli, iii. 296, 298 
llydrocvon, skull of, i. 116 
Hydromys, limb-bones of, ii. 382 
teetii, iii. 265, 300 
vertel)ral column, ii. 365, 366 
Hydrophuhe, tegument of, i. 561 
Hydropbis, alimentary canal of, i. 444 
teeth, i. 397 
poison-gland, i. 563 

Hvdrosorcx fodiens, alimentary canal, iii. 
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organ of hearing, iii. 229 
teeth, iii. 30C 

Hydrosorex ITermaimi, teeth of, iii. 305,306 
Hyla, alimentary canal of, i. 434, 436 
locomotion, i. 262 
organ of taste, i. 327 
Hyla verrucosa, i. 527, 528 
tcgiiments, i. 558 

Hyheosaurus, dermoskeleton of, i. 199 

Jlylida*, characters of, i. 15 

Hyiobatos agilis, alimentary canal of, iii. 

•133 

development, iii. 746 
larynx, iii. 600 
locomotion, iii. 71 
lungs, iii. 582 
musclcvS, iii. 53 ^ 
prosencephalon, iii. 124 
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Hylobates leuciscus, osseous system of, ii. 
520, 544 

Hylobates syndactylus, characters of, ii. 
291 

osseous .system, iii. 520, 533, 552 
Ilyloraiia, teguments of, i. 552 
Jlyopot^imus, teeth of, iii. 343, 375 
Hy'peranodou, teeth of, i. 403 
H}T;)eroodon, iilimentary caual of, iii. 453, 
454 

female organs of generation, iii. 691 
heart, iii. 521 
limb-hones, ii. 429 
Hypostom.a, air-bladder of, i. 403 
Hypsi pry minis, ehara.ct<,Ts of, ii. 275 
limb-hones, ii. 351, 354-361 
niainmary glands, iii. 769 
organs of generation, male, iii. 618 
prosencephalon, iii. 165 
skull, ii. 336, 339-315, 347, 319, 350 
teeth, iii. 290, 291 
Yertehral column, iii. 329, 331, 333 
Hypsipryrnnus (Derulrolagus) dorcoeepha- 
lus, alimentarv canal of, iii. 415, 419 
liijih-hone.s, ii. 363 
teeth, iii. 290 

Hj’psipryinnus murinus, female organs of 
generation of, iii. 681 
teeth, ill 290 
skull, ii. 345 

JTvp.siprymnus nivo.suru.s, skull of, iii. 338, 
Y42 

lTy().sipryinnus setosus, alimentary canal of, 
ii. 120 

skull, ii. 315 

Jlypsiprymiius (Dendrolagus) ursinus, 
limb-bones of, ii. 360, 363 
organ of taste, iii. 191 
skull, ii. 338, 342, 345 
teeth, iii. 290 
vertebral column, ii. 332 
Hyracotherium, geological n-maius of, iii. 
792 

teeth, iii. 375 

Ilyrax eapeiisis, cliaracters of, ii. 284, 285 
aliriientaTy oanal, iii. 46J, 463 
limb-boiif S, ii. 155 
oigan of hearing, iii. 233 
organs «>f generation, male, iii. 66 1 
prosencrphalon, iii. 1 14, 120, 121, 123, 
133, 143 

teeth, iii. 340, 3 42, 356 
thymu.s, iii. 567 
thyroid gland, iii. 565 
skull, ii. 450 
urinary system, iii. 606 
vertebral column, ii. 416 
llystricida*, vertebral colninn of, ii. 364 
Hystrix alopha, vertebral column of, ii. 
364 

Hystrix cristata, characters of, ii. 269 
liver, iii. 485 

mammary glands, iii. 775' 


INS 

i Hystrix cristata— 

! nerves, iii. 151 

oi’gans of generation, male, iii. 650 
organ of taste, iii. 192 
prtxsenoophalon, iii. 110 
scales, iii, 623 
skull, ii. 372, 373 
vertebral column, ii. 364 


TCHTHYOMORPHA (Urodola), charae- 
X tors of, i. 15 
muscles, i. 215 
skull, i. 89 

Ichthyopterj^gia, eharacters of, i. xxxviii, 
15 

I)ectoral limb, i. 170 
skull, i. 158 
teeth, i. 388 
vertebral column, i. 50 
Ichthyosaurus, characters of, i, 16 
org.an of sight, i. 339 
organ of .smell, i. 330 
pectoral limb, i. 170, 171 
pelvic arch and lin)l>, i. 181 
skull, i. 158 • 
teeth, i. 361; iii. 281 

lehthyosaunis communis, vertebral column 
of, i. 50 

Ichthyosaurus lcnuiro.stris, skull of, i. 150 
Jetides. <SW* Arctielis 
Iguana, skull of, i. 157 
sternum, ii. 21 
vert<*l)ral column, i, 57 
Iguana tnbcrculata, organ of taste of, i. 
327 

skull, i. 158, 159 
teeth, i. 403 
teguments, i. 556 
veitel^ral column, i. 60 
Iguanida>, teeth of, i. 402 
Iguanrslon, clmrr'icters of, i. xxxviii, 18 
tovth, i. 387, 403 

Irnp1aeentali;i, cluimcters of, ii. 270 
development, iii. 715-722 
Impregnation in Mammalia, iii. 711 
Incubation of Aves, ii. 256 
exception to. ii. 256 
periods of, ii. 257 
Jridri, bones of, ii. 515, et seq. 

Ingluvies, or crop, of Aves, ii. 168 
Inia, teeth of, iii. 282 
luscctivora, alimentary canal of, iii. 427 
cliaru(!ters of, ii. 277 
dcvidopment, iii. 730 
heart, iii. 520 
liver, iii. 483 
muscles, iii. 17 
organs of generation, iii. 655 

male, iii. 655 »> 

female, iii. 687 
organ of hearing, iii. 229 
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Insectivora — continued, 
organ of sight, iii, 246 
organ of snu‘ll, iii. 209 
osseous system, ii. 38o 
skeleton, ii. 385 

A. Vertebrate column, ii..385 
cervical, ii. 386 
dorsal, ii. 386 
lumV)ar, ii. 385-387 
sacral, ii. 385-387 
caudal, ii. 385- 387 
R skull, ii. 387 
(-). bones of the limbs, ii. 390 
clavicles, ii. 300 
scapula, ii. 390-302 
Inunerus, ii. 390-392 
radius, ii. 300-392 
ulna, ii. 390 
fibula, ii. 390 
tibia, ii. 390 
carpals, ii. 390 
pancreas, iii. 491 
salivary glands, iii. 399 
spleen, iii. 602 
feeth, iii. 301 
thyinus, iii. 608 
tongue, iii. 192 • 

Irrelative repetition, i. ix, x, xxxvi; iii. 789 

Ivory, iii. 303 


J AdUAR, nerves of, iii. 175 

Jerboa, bones of, ii. 361, 376, 382 
loconnjtiou, iii. GS 

Johnius lobutus, iilimeiitary canal of, i. 418 
arteries, i. 490 

Julis, alimentary canal of, i. 410 


■irAI.OPHRYNUS, teguments of, i. 552 
IV Kangaroo, development, iii. 718 
locomotion, iii. 68 
muscles, iii. 14 
organs of generation, iii. 647 
osseous system, ii. 329 
skeleton of, ii. 329 
stomacdi, iii. 413 

rumination, iii. 415 
teeth, iii. 291 


L AIiEOliARRUS, alimentary canal of, i, 
410 

Labrax lupus, liver of, i. 428 
Eabrus, alinKsntary canal of, i. 410, 421 
changes aceompanying growth, i. 612 
teeth, i. 363, 370-372, 376, 377 
Labnis tnrdus, liver of, i. 420 
Eal>yrintliihranehii, i. 487 
Lil>yrijithodon loptognatlms, teeth, i. 392, 
• 393 

liabyrinthodon salamaudroides, dental tis- 
sues of, i. 363, 366 


LAO 

Labyrintliodontia, characters of, i. xxxviii, 
14 

Lacerta, alimentary canal of, i. 433 
devolopment, i. 633 
male orgari.s of generation, i. 579 
myeleiicephalon, i. 292 
X)ectoral limb, i. 174 
teeth, i. 401 
vertebral 0^)1 uinn, i. 68 

Lacorta agilis, larynx of, i. 529 
ovipo.sition, i. 617 
ovulation, i. 592 
i teeth, i. 40\ 

j Lacerta bilineata, female organs of genera- 

• tion of, i. 586 • 

I Lacerta murieata, adrenal .s of, i. 544 
I reproducible parts, i. 5G7 

teguments, i. 665 
i tb^Toid body, i. 565 

; Lacerta <x!cllata, adrenals of, i. 544 
; alimentary canal, i. 440 

heart, i. 508 

; male orgjois of generation, i, 580 

• Lacortidjo, skull of, i. 157 

teelli, i. 401 
vertebral colniun, i. 68 

Lacertilia, arteries, i. 519 
absorbeJits, i. 461 
cliaractcrs of, i. 17 
feeiindation, i. 615 
oviposition, i. 617 
devevlopmeiit, i. 633 
general ivo organs, i. 580 
male, i. 680 
female, i, 583 
heart, i. 509 
kiilnevs, i. 540 
larynx, i. 628 
liver, i. 448 
loeoinotion, i. 262 
lungs, i. 526 

resj)iratory actions, i. 531 
osseous system — 

vertebral column, i. 57 
skull, i. 154 

reproduction of parts, i. 567 
teeth, i. 387, 392, 401 
teguments, i. 555 
scales, i. 555 

tliyrtnd body or gland, i. 665 
Veins, i. 504 

Lactarius delicatulus, air-bladdor of, i. 492 

I^igomys alpinus, limb-bones of, ii. 385 
organs of generation, male, iii. 650 
skull, ii. 377 
teeth, iii. 296, 299 

Lagostonuis, mammary glands of, iii. 775 
organs of generation, female, iii. 686, 
687 

sploon, iii. 560 
teeth, iii. 299 

Lagotis, organ of hearing of, iii. 230 
vertebral column, ii. 365 
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LAM 

Lamellirostratse Anatida'), characters | 

• of, ii. 9 i 

air-jiashiagos, ii. 218 | 

.alinicutary eiinal, ii. 1C4, 172 
locomotion, ii. 112 
myoleuccphalon, ii. 12,3 
skull, ii. 61 
sternum, ii. 26 
tongue, ii. 151, 153 
Lamim, alimentary canal of, i. 423 
arteries, i. 490 r 

heart, i. 474 , 

miisclos, i. 204 j 

teeth, i. 364, 372, 377, 382 | 

vertebral column, if 33 

Lamna cornubica, teeth of, i. 366 1 

vertebral column, i. 33 ! 

Laranida*, characters of, 1. 13 
Laniphigus. Sr- Corypluena j 

Lamprey, eerel»elliim of, i. 2S7 
Lampris, peetv)ral limb of, i, lOti 
Lancolrt, nervous system of, i. 268-270 
Lanins, beak of, ii. 1-16 
osseous sy.sti*m, ii. 20 

dorsal verlebra! and sternum, ii. 20 
skull, ii. 57 1 

Laplander, skull of, ii. 506 | 

Lams, ohameters of^ ii. 9 

eggs, ii. 255 i 

myeleneephalon, ii. 119 j 

Lates niloticus, liver of, i. 426 j 

Lutes nobilis, liver of, i. 427 ! 

Latham us, skull of, li. 58 j 

Latissimus dorsi rniiscbi in Aves, ii. 05 j 
Leio<lon, teeth of, i. 387 i 

Lcmmiis, liver of, iii. 485 
Lemur, species, as compared with that of ; 

Clieiroravs, i. xxxv 
Lemur albifrons, brain of, iii. 91 
development, iii. 745 
organ of smell, iii. 210 
organs of generation, male, iii. 672 
female, iii. 702 
Lemur Catta, brain <»f, iii. 124, 125, 130 
znammary glands, iii, 780 
innscles, iii. 53 
organ of hearing, iii. 235 
vertebral column, ii. 512 
Lemur macaco, brain of, iii. 146 
lungs, iii. 582 
skull, ii. 529 

Lemur mongoz, larynx of, iii. 597 
lung.s, iii. 582 
mouth, iii. 395 
spleen, iii. 562 
tongue, iii. 198 

Lemur niger, f?{f?cum of, iii. 432 
tongue, iii, 199 

Lemur nigrifrons, anal glands of, iii. 637 
hair, iii. 619 

vertebral column, ii. 513 
Lemuridae, brain, iii. 124 
characters of, ii. 290 


LEP 

Lem uridm — eo7) tin wd. 

alimentary canal, iii. 430 
heart, iii. 525 
larynx, iii. 597 
mammary glands, iii. 780 
moulli, iii. 395 

organs of goneriit ion, male, iii. 672 
female, iii. 701 
organ of hearing, iii. 235 
organ of smell, iii. 216 
organ of taste, iii. 198 
osseous system, ii. 512 
prosencephalon, iii. 124 
teeth, iii. 314 

Lepadogaster, gills of, i. 484 
Lepidoganoidci, characters of, i. 12 
existing and extinct, i. 217 
Lepidoidei, eharaotcr.s of, i. 12 
Lepi«lopns argentens, liver of, i. 426 
pelvic arch and limb, i. ISO 
Lcpitlopus, characters of, i. xxxviii 
Lepldosiren aiinccteiis, circulating and re- 
spiratory organs of, i. 475, 498 
L«‘j‘idosiren paradoxa, cluii'aeters of, i. 5 
air bladder, i. 491, 199 
ulimentarv canal, i. 415, 417 
gills, i. 481 ‘ 
liver, i. 148, 451 
locomotion, i. 249 

mvelcnccpluiloii, i. 277-280, 282 285, 
'290 

nerves, i. 298 
pectoral limb, i. 165 
pyloric a]>pcndage and pancreas, i. 425 
skull, i. 82. 83, i()7 
sejipular arcli, i. 163 
teeth, i. 370, 378, 383, 385 
Vertebral oolnrnn, i. 37, 38 
L<;pidosteus, air-bladiler of, i. 499 
dcrmoski'leton, i. 195 
dcveiopineiit of vcrtobrie, i. 33 
gills, i. 485 
locomotion, i. 247 
mvelenceplialon. i. 275 
skull, i. 108 
teeth, i. 378 
tegnmonts, j. 518, 519 
Lepido.stens oxyuru.s, teeth of, i. 378 
Lepido.stens platyrhinns, organ of hearing 
of, i 318 

Lepido.sfernoii, skull of, i. 153 
Jjcpiilotus, locomotion of i. 247 
lit^poridte, alimentaiy canal of, iii. 426 
adrenals, iii. 5/3 
mammary glands, iii. 776 
organs of generation, male, iii. 049 

female, iii. 686, 
687 

organ of hearing, iii. 231 

organ of sight, iii. 248 

organ of taste, iii. 192 * 

procenceplialon, iii. 110 

skull, ii. 378^ 
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Leporiclae — continued, 
spleen, iii. 500 
teeth, iii. 290 
veins, iii. 553 
vertehrnl column, ii. 301 
TiCptobracliium, teeth of, i. 392 
Leptocophali, probably larva of some larger 
ti.sh, i. Oil 

LeptoK'pitice, charaetors of, i. 12 
dt'rmoskeleton, i. 193 
Jvei)t.olopis, eharaeters of, i. 12 
Lcpns, alimentary canal of, iii. 423 
locomotion, iii. 09 
organs of generation, iii. 0 19 
skeleton, ii. 301 
teeth, iii. 300 

Lepus ouniculus, iilimontary canal of, iii. 
423 

(Icvelopnient, iii. 711 1 71^2, 714, 715, 
7‘24, 727 
fat, iii. 7«S4 
larynx, iii. 58»') 
skull, ii. 378 
teeth, iii. 299, 301 

Lepus paluslris, mammary glainls of, iii. 
770 ^ 

Lepus tiniidns, alimeiitarv eanal of, iii. 423, 
420 

anal glands, iii. 030 
development, iii, "27 
fat, iii. 781 
limb- bones, ii. 379 
mesencephalon, iii. 98 
organs of generation, male, iii. 019 
female, iii. 080 
organ of smell, iii, 208 
j»rosenccplialon, iii. 113 
skull, ii. 30«) 
teeth, iii. 296, 290, 300 
vertebral column, ii. 301, 307 
Lestris, eggs of, ii. *255 
Leihrinus atlanticus, air-bladder of, i. 491 
Leiiciscus cvf»riiius, myclencetdialoii of, i. 
275,‘‘fS0 
nerves, i. 302 

Taalis, tcgum(?nts of, i. 557 
Lichanotiis indri, cranium of, ill. 528 
teeth, iii. 314 

vertebral column, ii. 512, 515 
Lichia, characters of, i. xxxiii. 

Liemetes, skull of, ii. 58 
ijiniosa, dorsal vortebne and sternum of, ii. 
•23, *20 

Lione.ss, generation of the, iii. 714 
LissoiiccpUala, characters of, ii. 270, 27C, 
290 

• adrenals, iii. 509 
dcvelopm<‘nt, iii. 7‘23 
heart, iii. 519 
mesencephalon, iii. 98, 99 
* muscles, iii. 10 
myelon, iii. 74 
ner\'es, iii. 147i 15 J 


LUT 

; Lissencephala — continued, 

organ of hearing, iii. 229 
j organs of gouerdtion, male, iii. 611 

I prosenceplialon. iii. 1 08. 1 1 1, 1 12, 1 13, 

I 125, 134, 141 

■ spleoTi, iii. 560 

; urinary organs, iii. 604 

■ Lissotriton punctatus, ovipusition in, i. 61G 

I ovulation, i. 597 

i Lizards. /S'cc Lacertilia 
'■ Llama, •bones of, ii. 400, 470 
L<3comotion, Avi.s, ii. 112 
Fishes, i. 243 
^Mammalia, iii. 63 
Kcptiles. i. 2.j9, 262 
Ijoncher.'s, mammary glands of, iii. 776 
Longip(‘nnat;e, eharaeters of, ii. 9 

development and peculiarities of the 
chick, ii. *205 

scapular arch and limbs, ii. 72 
Lophiida>, ebaractiU’s of, 1. 11 
Lophi<jdon, characters of, ii. 281 " 
teeth, iii. 377 

Lophius piscatoriiis, air-bladder of, 493 
alimentary eanal, i. 421 
dennoskeletoii, i. 190 
female ojgans of gcueration, i. 572 
gills, i. 478, 481 
growth, i. 612 
heart, i. 472 
kidneys, i. 530 
muscles, i. 209 
pectoral limbs, i. 160 
pelvic arch and limb, i. 180 
reproducible parts, i. 567 
.sknll, i. 119, 124 
teeth, i. 374, 370, 378, 381, 383 
vertei)r:il column, i. 39 
Lophobranchii, ebaraetors of, i. 12 
sknll, i. M9 

Lopliophoru.s, dorsal vertebrm aiul sternum 
of, ii. ‘27 

liophortyx, dorsal vertebrre and sternum of, 
ii. 27 

Ijf)phyrus Basilicus, teeth of, i. 402 
teguments, i. 556 
Lorcaria, air-blailder of, i. 493 
vertebral column, i. 38, 41, 12 
Ijoris. Stenops tardigradiis 
; Lota, nerves of, i. 297 
: Loxia, skull of, ii. 57 
j beak, ii. 140 

I tongue, ii. 151 

Lueioporca sandra, alimentary canal of, i. 

416 

inyel encephalon, i. 283 
nerves, i. 297, 305 

Lutra vulgaris, mammary’ glands of, iii. 780 
organ of hearing, iii, 234, 235. 
skull, il. 500, 509 
teeth, iii. 333 
thymus gland, iii. 563 
vertebral column, ii. 491 
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LYE 

Ly encephala, brain of, iii. 102, 141 
(levelopnient, iii. 723 
generative organs, iii. 645 
heart, iii. 516 


ACACUS, characters of, i. xxxii 
Macaciis cyinnologns, male organs of 
gcMicration of, iii. 673 
Macacus innuiis, osseous system of, ii. 517, 
532 

Macacus nemestrinus, o.s.seous sysfem of, 
iii. 519, 533, 543 

Macacus radiatus, characters of, ii. 273 
alimentary canal, iijt 432 
muscular system, iii. 53 
prosencephalon, iii. 121, 126 
vertebral column, iii 517 
Macacus rhesus, development of, iii. 746 
pi-oseiiceph:d(»n, iii. 131 
vortobral column, ii. 517 
Macjicus sileniis, fenude organs of gene- 
ration of, iii. 703 

Machairodu.s, teeth of, iii. 320, 339, 370, 374 
Machetes, external sexual characters of, ii. 
258 

Mackerel, niyoconjma of the, i. 3 
Macrauchenia, limb-bones of, ii. 454, 459 
skull, ii. 451 

vertebral column, ii. 446, 448 
Macrocercus, skull of, ii. 28, 03 
Macro[H)ma, alimentary canal of, i. 424 
Macropiis, limb-bontts of, ii. 353-355, 363 
organ of lien ring iii. 221 
prosencephalon, iii. Ill 
skull, ii. 335-315, 350 
teeth, iii. 266, 291 
vertei)ral eolumn, ii. 329 
Macropu-s llrunii, development of, iii, 721 
skull, ii. 345 

Macropus major, characters of, ii, 266 

alimentary canal, iii. 411, 413, 414, 
420, 446 

development, iii. 752 
limb-bones, ii. 354, 359 
lungs, iii. 576 

mariim.iry glands, iii. 770, 772 
orgiin.s of generation, female, iii. 681, 
683 

prosoncepbalon, iii, 105 
skull, ii. 345, 340 
s,)leen, iii. 560 
teeth, iii. 291 

Miwropu 8 Parry i , al i menta ry canal of, i ii. 4 1 5 
development, iii. 718 
lungs, iii. 576 

organs of goneration, fimale, iii. 680 
lunnary system, iii. 606 
Macropms pencillatus, alimentary canal of, 
iii. 415 

Macropuft psilopus, tooth of, iii. 291 
Macropufl rufivonter, mouth of, iii. 385 
teeth, iii. 291, 379 


MAM 

Macro.scolides, alimontary canal of, iii. 428 
caudal scent-gland, iii. 637 
teeth, iii. 307 
vertebral column, ii. 385 
Maciisi Indian, skull of, ii. 566 
Msena, skull of, i. 119 
Mtenidae, skull of, i. 119 
Maliicopteri, characters of, i. 9 
Malapterurus beninonsis, electric organs of, 
i. 350 

Malpaterunis clectricus, air-bladders of, i. 
496 

electric organs, i. 350, 355 
^lallot us, fecundation of, i. 600 
Maltluea, gills of, i. 489 
organ of touch, i. 326 
pyloric appemhige and pancreas, i. 
430 

Mammalia, absorbent system, iii. 504 
lacteals, iii. 504 
Ijuiph.-itics, iii. 507 
disposition, iii. 508 
ganglions, iii. 508 
irKHliHcations, iii. 511 
adipose substances, iii. 784 
adrenals, iii. 570 
abincntary caftal, iii. 383 
mouth, iii. 383 
.salivary glands, iii. 396 
stoinfich, iii. 411 
intestinal eniml, iii. 417 
characters and primary groups of tho 
class, ii. 266 

chanicler of Mammalian sub-classe.s, 

ii. 270 

stages of complexity of tho brain, 
ii. 270 

characters of the Orders of Mam- 
malia, ii. 274 
Moriotromata ii. 275 
Marsupiali.a, ii. 275 
Rodentia, ii. 276 
Insectivora, ii. 277 
Cheimptera, ii. 278 
liruta, ii. 278 
Cet.icea, ii. 280 
Sireiiia, ii. 281 
Proboseidia, ii. 282 
Pcris.S(xlactyla, ii. 283 
Artiodactyla, ii. 283 
Carnivora, ii. 288 
Quadrumana, ii. 290 
Piinana, ii. 292 

table of the subclasses and orders: 
according to Cuvier, ii. 295 
according to thocen^brul sys- 
tem, ii. 296 ^ 

circulating system, iii. 613 
blood, iii. 513 

blood-discs, iii. 513 
heart, iii. 516 '• 

arteries, iii. 532 

i»tructure, iii. 533 
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* MA.M 

Mammalia ^circulating system — continued, 
aorta, iii. 534 
carotids, iii. 538 
in the abdomen, iii. 640 
brachial, iii. 545 
veins, iii. 649 

structure, iii. 550 
dental system, iii. 265 

general characters of the teeth, 
iii. 266 

homologie.s of teeth, iii. 366 
generative system, iii. 641 
male orgiuis, iii. 641 
female organs, iii. 076 
generative products and development, 
iii. 709 

ovulation, iii. 709 
ovipont, iii. 711 
corpus lutcum, iii. 712 
impregnation, iii. 713 
development of Mammalia, iii. 
716-747 

dovehipment of Mammalian 
brain, iii. 761 
motlifications of feetal 
formation, iii. 761 
development of Mammalian 
skeleton, iii. 763 
membra pupillaris, iii. 762 
foetal circulation, iii, 766 
definition of male and female 
organs, iii. 767 
descent of testes, iii. 758 
liver, iii. 478 
locomotion, iii. 63 
in water, iii. 65 
on land, iii. 66 

mammary and marsupial organs, iii. 

760-780 

muscular system, iii. 1 
muscular tissue, iii. 1 
diaphragm, iii. 1 
nerves, iii. 146 

olfactory, iii. 1 16 
optic, iii, 147 

oeulo-motor or third, iii. 147 
fourth, iii, 148 
fifth or trigeminal, 148, 154 
ninth, iii. 161 
development, iii. 163 
ganglia, iii. 167 
sympathetic system, iii. 181 
nervous system, iii. 73 
myelon, iii. 73 
euceplmlon, iii. 79 
primary divisions, iii. 79 
mesencephalon, iii. 97 
prosencephalon, iii. 99 
archencephala, iii. 127 

cerebral folds in the order of 
« their constancy in Mam- 

mals, iii. 137 
size of brain, iii. 143 


MAM 

Mammalia—nervous system— 

membranes of the brain, iii. 
145 

organs of touch, iii. 186 
taste, iii. 190 
smell, iii. 204 
hearing, iii. 219 
sight, iii. 216 

eyeball, iii. 246 

of nocturnal Mam- 
mals, iii. 247 

osicous system, i. 20 ; ii. 297 

genenfl characters of the skeleton, 
ii. 297 

general characters of the .skull, 
ii. 300 

general characters of the limbs, 

ii. 305 

special homologies, ii. 311-553 
synonyms of the bones of tlio 
head, according to their general 
homologies, ii. 587 
jjroportion of hard and soft mat- 
ter, i. 20 
pancreas, iii. 492 

function of, iii. 499 
peculiar glamls, iii. 632 

opening upon the liead, iii. 632 
opening upon the trunk, iii. 634 
opening on tlic tail, iii. 637 
opening on the limbs, iii. 638 
peritoneum and appendages, iii. 500 
respiratory system, iii. 572 
lungs, iii. 572 
larynx, iii. 582 
spleen, iii. 657 
teeth, iii. 266 

general characters, ii\ 265 
lumiologies of tev-th, iii. 366 
tegument ary sysicm and appendages, 

iii. 610 
derm, iii. CIO 
epiderm, iii. 613 
callosities, iii. 616 
hair, iii. 616 

wool, iii. 618 
spines, iii. 621 
scales, iii, 622 

nails, claw.s and hoofs, iii. 623 
horns, iii. 624 
thymus, iii. 666 
thjToid, iii. 563 
urinaiy system, iii. 604 
kidneys, iii. 604 
texture, iii. 004 
colour, iii. 604 
ureter, iii. 605 
tubuli uriniferi, iii. 606 
modifications, iii. 606 
of the subchi.s.sos of Mam- 
malia, iii. 605 

dovclopmcntul characters, i. 6 
Mammary organs, iii, 760 
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MAN 

Man. See Biniana. Homo. 

Manatee, leones of, ii. 433, 435 
diaphragm, iii. 2 
Maiiatus, diaphagm of, iii. 2 
heart, iii. 521 
organ of hejiriiiQ:, iii. 226 
organ of taste, iii. 194 
Bkult, ii. 373, 433 
teeth, iii. 284 

vertebral column, ii. 430, 432 
Mandrill, bones of, ii. 518, M • 

Maiiis longieaiidatii, derm of, iii. G12 
ehiw.s, iii. 623 
liinb-boRO.s ii. 409 
organ of hearing, iii‘. 232 
sknll, ii. 404 
teeth, iii. 265 

Miinis pentadactyla, eharaeters of, ii. 279 
aliim-ntary eanal, ii. 417 
scales, iii. 622 
.skull, ii. 403 

vertebrate eolnmn, ii. 39G 
Marmot, bones of, ii. 382 
Marsupial bone in Monofrcinata, ii. 326 
bones in Marsupialia, ii. 356 
orgJUKs, iii. 770 
pouches of bishes, i. 613, (514 
Mairsupiulia, ehiiraclers of, ii. 275 
alimentary canal, iii. U1 
stomach, iii. 411 
inle.stine.s, iii. 417 

table of lengths, iii. 420 
brain, iii, 104 
development, iii. 718 
heart, iii. 516 
liver, iii. 481 
locomotion, iii. 68 
month, iii. 385 
inuseKs, iii. 8 
nervous sy.slein, iii. 74 
orgjin of hearing, iiJ, 227 
organs of generdtion, iii. 045 
male, iii. 645 
female, iii. G80 
osseous system, ii. 328 
.skeleton, ii. 3*28 

A. vertebral (yOmnn, ii.328 

B. skull, ii. 334 

frontal, ii. 342 
lacrymal, ii. 343 
malar, ii. 343 
nasal, ii. 343 
rostral, ii. 344 
premaxillary, ii. 344 
niuxillary, ii. 344 
jaws, ii. 348 

C. bones of the limbs, ii. 350 

scapula, ii. 350 
clavicle, ii. 351 
humerus, ii. 352 
radius, ii. 353 
ulna; ii. 353 
carpus, ii. 354 


MEb 

Marsupialia — osseous systom— 

pelvis, ii. 355 
ilium, ii. 355 
ischia, ii. 356 
marsupial, ii. 3.56 
femur, ii. 358 
knee-joint, ii. 358 
tibia, ii. 358 
tibulfi, ii. 359 . 
tarsus, ii. 360 
astragalus, ii. 360 
pedes sdltatorii, ii, 
361 

respir.atory' system, iii. 576 
salivary glands, iii. 398 
skelebm of, ii. 328 
skull, ii. 334 
spleen, iii. 560 
teeth, iii. 285 
thyroid, iii. 564 
tongue, iii. 191 
urinary system, iii. 606 
veins, iii. 552 
vertebral eolnmn, ii. 328 
Mursiiphim. or pocten, of Aves, ii. 138 
fuiutions, ii. 110 
Martin eats, teeth of, iii. 333 
Mastodon, bones of, ii. 411 
Ma.stodon, characters of, ii. 282 
teeth, iii. 343, 878 
vertei*ral column, ii. 441 
Megaceros, eharaeters of, ii. 285 
hon»s, iii. 628 
limb-bone.s, ii. 483 
teeth, iii. 351 

Megaderma, alimentary canal of, iii. 424 
derm, iii. 613 

Megaliclithys, alimentary canal of, i. 424 
teeth, i. 378 

Megalonyx, limb-bones of, ii. 411 
Megalosanrus, cliaracters of, i. 18 
teeth, i. 387, 400, 405 
Megalotis LiJandii, oi’gau of hearing of, iii. 

234 

Megapodius, scapular arch and limbs of, ii. 

74 

Megatherium, characters of, i. xxxii. 
locomotion, iii. 66 
ncrvc.s, iii. 1G2 
osseous system, ii. 297 

limb-bones, ii. 307, 408, 411, 411 
skull, ii. 402 

teeth, i. 301, 3G3 ; iii. 274, 275 
Meleagris, characters of, i. 26 

dorsal vertebrae and sternum, ii. 27 
generative system, ii. 258 
Moles taxus, limb-bones of, ii. 509 
mammary glands, iii. 780 
t»rg!iii of hearing, iii. 234 
organs of generation, male, iii. 669 
skull, ii. .501 * 

teoth, iii. 333, 334 
vertebral colnjun, ii. 491 
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MEN 

Menobranchws, urteries of, i. 516 
gills, i. 514 
luuii’t, i. 506 
pancrmis, i. 45J{ 
skull, i. 88 

Monopoma Cryptobrnnclius) — 
aliincutary canal, i. 410, 146 
arteries, i. 517 
gills, i. 515 
heart, i. 506 
kulneys, i. 537 
larynx, i. 527 
liver, i. 451 

malt: organs of generation, i. 576 
pancreas, i, 453 
juvtoral limb, i. 170 
teeth, i. 300 
thynins body, i. 565 
vcrtel>ral ctdumn, i. 48, 10 
]Vre})lntis zorilla,anal gland bags of, iii. 637 
Mergus eueullatus, external sexual cIiaKic- 
lers of, ii. 257 

iMergus merganser, trachea of, ii. 220 
j\Iergiis serrator, beak of, ii. 140 
lower larynx, ii, 225 
trachea, ii. 220 
Meriones, teeth of, iii. y06 
Mori aligns vulgaris, pyloric appendages 
and pancreas of, i. 428, 431 
Mwluociiis, female organs of generation of, 
i. 572 

gills, i. 514 
nerves, i. 300 

Moropidat, chanictcr.s of, ii. 11 
Mcrops, eggs of, ii. 256 
Morula duotylo[>icra, scapular arch and 
limbs of, ii. 74 

Mcrycopotanius, characters of, il. 286 
Metamorplioscs of llatracliians, i. 628, 629 
Fishes, i. oil 

]\Ietoi)Oceros, teeth of, i. 403 
.Mit?rocebus piisiilus, organ of lasto ol’^ iii. 
199 

MicwkIus, locomotion of, 1. 248 
Mieroglos.su.s, skull of, ii. 5S 
.Micropogon, air-blatlder of. i. 191 
Micro.scopical anatomy, i. viii. 
Microtheriuni, characters of, ii. 286, 287 
skull, ii. 472 

Midas, ridimauus, alimentary canal of, iii. 
432 

osseous system, li. 512 
prosencophalon, iii. Ill, 121, 125, 129, 
131 

teeth, iii. 315 

Milvus, locomotion of, ii. 116 
Mincopies, the, of the Audamau Islands, 
organs of smell of, iii. 219 
Mole. See Talpa 
Molossns, mouth of, iii. 387 
“Monitor, alimentary canal of, i. 445 
development, i. C38 
Monochir, characters of, i. xxxiii. 


MOB 

Monodon, teeth of, iii. 265, 279, 280 
vertebral column, ii. 418 
Monophyllus, organs of taste of, iii. 192 
Monophyodonts, teeth of, iii. 271 
Mouopnoa, characters of, i. 9 
Monopterus, gills of, i. 48], 486 
Monotcomatu, development of, iii. 715 
bones of the limbs, ii. 323 
characters of, ii. 275 ; iii. 89, 99 
heart, iii. 516 
b'Y^r, iii. 181 
muscles, iii. 2 
nemms .system, iii. 73 
organs of generation, iii. 613 
male, iiijG43 
ftjinale, iii, 677 
organ of hearing, iii. 226 
osseous system, ii. 310 
skeleton, ii. 316 
A. vortcl>ral column, ii. 316 
15. skull, ii. 318 
C. bones of the limbs ii. 323 
scapula, ii. 323 
coracoid, ii. 323 
clavicle, ii. 321 
humerus, ii. 324 
radius, ii, 324 
ulna, ii. 321 
car[)us, ii. 325 
pelvis, ii. 326 
ilium, il. 326 
i.schium, ii. 326 
pubis, ii. 326 
marsupial, ii. 263 
femur, ii. 327 
. patella, ii. 327 
tibia, ii. 327 
fil/ula, ii. 327 
tarsus, ii, 327 
astragalus, ii. 328 
pancreas, iii. 492 
respiratory system, iii. 575 
salivary glands, iii. 397 * 
skeirtoii of, ii. 316 
skull, ii. 318 
spleen, iii. 560 
teeth of, iii. 265 
lliVMins, iii. 5(>7 
thyroid, iii, 564 
urinary system, iii. 605 
veins, iii. 552 
A-ertebral column, ii. 316 
Mormo(»ps, mouth of, iii. 387 
Mormydie, clmractcrs of, i. 10 
Morinynis, characters of, i. It) 
skull, i. 118 

MovmyriivS dorsalis, electric organs of. i. 350 
Mormynis longipinnis, electric organs of, 
1. 3o0, 3oo 

alimentary canal of, i. 416, 417 
arteries, i. 488 

Mormynis oxyrhviichus, electric organs of, 
i. 350 
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Mormyrus Petersii, alimentaiy canal of, i. 

410‘ 

Morrhua Tulgaris, air-Watldcr of, i. 405 
alimentary canal, i. 421 
gills, i. 480 

male organs of generation of, i. 569 
myelencophalon, i. 271-274, 276, 278*- 
280, 282, 281 

neiTes, i. 298, 301-303, 305, 30C, 308, 
309 

pectoral limb, i. 164-166 * 

pelvic arch and Jimb, it. 179 
skull, i. 73,93, 95-100, 107, 109-113, 
115, 117-121, 123-126 
Mosasaiirus, elnuacters of, i. xxxviii 
skull, i. 157 
teeth, i. 401, 402 
Moschiil'e, characters of, ii. 286 
limb-bones, ii. 486 
mammary glands, iii. 779 
JMosohus aquations, callmentary canal of, iii. 
472 

limb-bone.s, ii. 486, 487 
liver, iii. 483 

Moschus mosednferus, preputial glands of, 
iii. 635 

limb-bones, ii. 484, 486 
liver, iii. 481 
skull, ii. 471 
teeth, iii. 348, 319, 351 
vertebra] column, ii. 460 
Motucilla, eggs of, ii. 257 
Mouth of Ave.s, ii. 156 
Fislieg, i. 409 

IVIammaliii, ii. 267 ; iii. 383 
Keptiles, i. 434 

Mugil, alimentary canal of, i. 118 
pectr)ral limb, i. 166 ^ 
vertebral column, i. 37 
Miigil eephalus, tegnments of, i. 550 
Mugil labrusu.s, aiiniciitary canal of, i.. 

410 

Mngilidae, characters of, i. 1 1 
alimentary canal, i. 420 
Mullus, rnyelcnc.ephalon of, i. 283 
nerve.s, i. 300 

Muriena, alimentary canal of, i, 421 
arteries, i. 489 
Heapiilar arch, ii. 65 
skull, i. 122 
t(;elh, i. 370 

Muraiim helena, skull of, i. 1 1 3 
vertrjbral column, i. 45 
Muraenidae, characters of, i. 10 
alimenbiry canal, i, 411 
nerves, i. 315 
sk5ll, i, 118 
vertebral column, i. 41 
MurAUiophis, arteries of, i. 479 
gills, i. 478 
skull, i. 125 
teeth, i. 370 

Muridte, adrenals of, iii. 570 


MVL ^ 

Muridm— conHnitcd, 
limb-bones, ii. 382 
organs of generation, male, iii. 655 
female, iii. 686 
organs of smell, iii. 209 
skull, ii. 378 
teeth, iii. 299 

Mus deciimanus, alimentary canal of, iii. 421 
liver, iii. 485 
mammary glands, iii. 776 
organs of hcjiring, iii. 230 
organs of smell, iii. 209 
pancretis, iii. 493 
Mus messorius, brain of, iii. 143 
mammary glands, iii. 776 
Mils niiiseiilus, brain of, iii. 143 
mammary glands, iii. 776 
Mus rattus, alimentary canal of, iii. 420 
limb-bones, ii. 382 
Mu.scle, structuro of, i. 200 
Mu.sk-decr, blood-discs of, i. 4 
bones of, ii. 460, 471 
Musophagidae, charaeter.s of, ii. 12 
alimentary canal, ii. 173 
osseous sy.stem, ii. 28, 56 
Mustela marteS; development of, iii. 744 
orgHUS of pneration, male, iii. 670 
pancreMs, iii. 495 

Mustela zibelliiui, vertebral column of, ii. 
491 

MiLstelidfo, limb-bones of, ii. 509 
mainmarv glands, iii. 780 
organ of hearing, iii. 234 
skull, ii. 502 
teeth, iii. 333 
urinary system, iii. 608 
vertebrate column, ii. 492 
Mu.‘it<*lim‘S, bones, ii. 491 
Muslelus, gills of, i. 486 
heart, i. 474 
vertebral e.ohimn, i. 35 
MusteliLs lovis, development of, i. 610 
female organs of generation, i. 575 
Mutilata, characters of, ii. 280, 296, 299 
development, iii. 732 
Mycetes scniculus, CM>cum of, iii. 432 
cmnium, ii. 529, 531 
development, iii. 745, 746 
larynx, iii. 598 
Myctcria, beak of, ii. 147 
MydaiLs meliecps,anal gland-bag of, iii. 637 
limb-lxmes, ii. 509 
vertebral column, ii. 491 
Mycdoncephala. Vertobrata, i, ix, x, 
xi, xxi, 1-4, 19, 29, 359, 640 
Mygalo. See Myogaloa. 

Myietes, teeth of, i. 369 
MyJiobat id w, characters of, i. 13 
Myliobatis, characters of, i, 13 
heart., i. 474 

skull, i. 81 * 

teeth, i. 369, 370, 373, 375, 378 ; iii. 

273 
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MYn 

Jllylodon, limb-bones of, ii. 414, 415 
nen^es, iii. 162 
skull, ii. 407 

vertobral column, ii. 401, 402 
Myobatmc.hus paradoxus, development of, 
i. 629 
skull, i. 91 
teeth, i. 386, 392 

Myocomma {syn. myomere, myotome), i. 203 
Myogalea {syn. Mygalo) moschata, caudal 
scent-gland of, iii. 637 
teeth of, iii. 304 

Myopotamus, alimentary canal of, iii. 423 
adrenals, iii. 670 
lungs, iii. 577 
mammary glands, iii. 775 
organ of taste, iii. 192 
teeth, iii. 377 

Myoxus, Mlimcntary canal of, iii. 422,423 
hybernation, ii. 4 
mamnuiry glands, iii. 770 
Myripristis, organ of sight, in, i. 331 
Myrmecobius. skull of, ii. 335, 336, 342, 
343, 349 

teeth, iii. 287, 288, 294, 302 
Myrrnecophaga didactyla, limb-bones of, ii. 
410 ‘ * 

male organs of generation, iii. 6t58 
pro.sencepbalon, iii. 110 
salivary glands, iii. 402 
vertebral column, ii. 398 
Myrmecophiignjubata, cliaractors of, ii. 279 
alimentary canal, iii. 448 
brain, iii. 143 

female organs of geuenition, iii. 09 1 
larynx, iii. 686 
limb-bones, ii. 410 
liver, iii. 484 
mouth, iii. 383 
muscles, iii. 20- 24 
nerA'e.s, iii. 151 
organ of hearing, iii. 231 
organ of smell, iii. 210 
pancreas, iii, 494 
salivary glands, iii. 403 
skull, ii. 388, 403 
teeth, iii. 265 
vcrtel)ral column, ii. 397 
Myxine, characters of, i. 9 
gills, i. 476 
heart, i. 471 
nerves, i. 299 
ovulation, i. 598 
teeth, i. 369 
Veins, i. 468 
vertebrflB, i. 31 


N AIA, muHclfs of, i. 225, 231 

Naia tripudiaus, lungs of, i. 524 
teeth, i. 397 
tegument, i. 655 
vertebral column, i. 54, 66 


NOD 

Naiidffi, tegument of, i. 555 
vertebral column, i. 56 
Nails of Mammalia, iii. 623 
Nandus, arteries of, i. 489 
Nannemys, ovipositiou in, i. 618 
Narcine, skull of, i. 78 
Narwhal, tusks of, iii. 280 
Nasalis larvatus, alimentary canal of, iii. 

433 

dovolopinont, iii. 746 
organ of smell, iii. 216 
osseous syjy;em, ii. 519 
Naseus, Sigaraus, pectoral limb of, i. 164 
Naseus unicornis, skull of, i. 114 
Nasua, limb-bones^of, ii. 501, 508 
mammary glands, iii. 780 
prosencephalon, iii. 117 
teeth, iii. 334 

Natantia, characters of, i. 17. 

Natatores, characters of, i. 9 
Natricidm, U otli of, i. 394 
teguments, i. 565 

Natrix torquata, arteries of, i. 520 
d<?volopmcnt, i. 634, 635 
ki<ln(.‘ys, i. 539 
lungs, i. 520 
oviposit ion, i. 616 
ovulation, i. 592. 
tegnriumts, i. 555 

Nauenites, changes with growth, i. 612 
Negro, skull of the, ii. 564, 565 
Nelomys, mammary glands of, iii. 776 
Nervous tissues, i. 266 

centres and nerves, i. 266 

sensations and reflex actions, i. 266 
juycbMioephalou, or cerebro- 
spinal sysfem, i. 266 
tubes altered by re-agonts, i. 267 
diameters In the dilteroiit vertebrate 
classes, i. 267 
neurilemma, i, 267 
inyelenccpluilori of Fishes, i. 268 
of Ifeptih-s, i. 290 
of Aves, ii. 117, 118 
of Mammalia, iii. 73“146 
Nervous system of Hfcniatocrya, i. 266 
appendages, i. 323 
l^icinian corj>iiscles, i. 323 
Savian corpuscles, i. 324 
Ncsodon, teeth of, iii. 266 
Ne.stor, sexual characters of, ii. 258 
Nests of A VOS, ii. 257 
Fishes, i. 611 
Nouricity, i. 318 
Neurilemma, i. 267 

Neurocomma {i^yn, iieairomore, nerve-seg- 
ment) i. ix. 203, 270, d seq, 

\ Newt, brain of, i. 290 
! Nictitsintcs, cliaraciers of, i. 1 3 
I organ of sight, i. 336 
I Nocthora tri virgata, developnient of, iii. 746 
' Noctilio, mouth of, iii. 387 
. Nodulus in Fishes, i. 273 
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Nomogeny (wn. Het^rogeny, Spont-aneous 
Generation), iii. 81-1 
Notidiinida?, i?haraeters of, i. 13 
Notidaniis eiiiorons, ovulation of, i. 598 
teeth, i. 373 

vertebral column, i. 32, 35 
Kotoniis, characters of, i.^xxiii 

dorsal vertebrre and sternum, ii. 21, 
23, 24 
skull, ii. 57 

Nototlierium, skull of, ii, 335 

teeth, iii. 393 * 

Nothosaurus, characters ofji. 16 
pelvic arch and limb, i. 182 
vertfrl>ral eolimni, i.,53 
Nototrcma nuirsupiatum. development of, 

i. 6t)6 

female organs of generation, i. 581 
tcgiiiiienl, i. 551 

Numenins, dorsal verl.ebrre and sternum, 

ii. 26 

skull, ii. 61 

Nurnida, beak of, ii. 150 
lower larynx, ii. 220 
Nyetcris, derm of, iii. 613 
moutli, iii. 387 


O CTODON, mainmarv glands of, iii. 775, 
776 

teeth, iii. 299 

(Edicnenius, dorsal vcrtelira^ and htermim, 
ii. 26 

pelvic limb.s, ii. 82 

Oligodon bitorqiuitu.s, teeth <^f, i. 395 
Ommatophoca, t<-elh of, iii. 337 
Omnivora, characters of, i. xxix. ; ii. 296 
Ophidia, ahsorbent system of, i. 459 
adrenals, i. 513 ^ 

alimentary canal, i. 434 
blootl, i. 501 
characters of, i. 17 
fecundation, i. 615 
oviposit ion, i. 616 
development, i. 634, 635 
generative organs, i. 579 
male, i. 579 
female, i. 585 
bearing, organs of, i. 348 
heart, i. 507 
larynx, i. 528 
liver, i. 448 
locomotion, i. 259 
lungs, i. 524 

respiratory acti«jns, i, 531 
kidneys, i. 538 
mus(de.s of the, i. 224 
osseous syst4'm'— 
skull, i. 146 
vertel)ral column, i. 53 
poison-gUinds, i. 563 

secret ion, the pui;>un - glai.d, i. 
503 


ORT 

Ophidia — contimuid, 
scent-glands, i. 563 
sight, organs of, i. 338 
sympathetic nervous system, i. 321 
teeth, i. 393 
teguments, i. 553 
epiderni, i. 553 

periodical shedding, i. 553 
scales, i. 554 
claws or hooks, i. 654 
pigment cel Is, i. 555 
secreting follicles, i. 555 
thymus body or gland, i. 665 
thyroid bcxly or gland, i, 505 
Aa ins, i. 503 

Ophidiidoe, characters of, i. 10 
Ophiilium, cliarader.s of, i. 10 
Ophidium barbatiiin, vertebral column of, 
i. 43 

Ophiocephalus, iiir-bladder of, i. 491 
Ophiomorpha, charact ers of, i. 15 
verlt'bral eolninii, i. 49 
Opliisaurns, skull of, i. 158 
teguments, i. 555 
Opisthocmlia, chara(4ers of, i. 17 
Vi rlel.tral column, i. 69 
Opistli(jd(dphi.s odfera, arterii s of, i. 515 
fcmalo organ.s of generation, i. 688 
oviposition, i. 616 
teguments, i. 551 
Opossum, g<‘ueration of, iii. 721 
osseous system, ii. 337 
Oning-tetaiK S« e Pithecus satyrns. 
Oreophasis, os.seoiis systciu of, ii. 27, 32, 
36, 65 

Ornitijorlivnchiis, alimentary canal of, iii. 

410 

l»eak, iii. 383 
brain, iii. lt»2 
crural gland, iii. 639 
generative organs, iii. 644 
male, iii. 644 
female, iii. 678 

development, iii. 717 
eye, iii. 246 
heart, iii. 516 
jaws, iii. 384 
mammary organs, iii. 761 
mii.'^cJes, iii. 2 
nervoiKS system, iii. 73 
i*lfiictory nerve, iii. 208 
o.sseous system, ii. 317 
salivar}' glands, iii. 397 
spleen, iii. 560 
tliyiwl, iii. 564 

: Ortalida, lower larynx of. ii. 220 

■ OrUiagoriscns, aJimontHry canal of, i. 422 

gilks, i. 480 
kidneys, i. 536 
muscles, i. 212 

myclencepbalon, i. 271 • 

organ of sight, i. 331, 334-336 

■ Ortliorhynchus, beak of, ii. 147 
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OKT 

Ortyx, dorsal vcTtebra.* and storuum of, ii. 
26, 27 

Oryctoromys, teoth of, iii, 296 
Oryctorus, ulinif'ntiiry canal of, iii. 423 
lunj^s, iii. 677 

Oiyctcropus, cljuracters of, ii. 279, 370 * 
heart, iii. 620 
liml»-l)(>iH;s, ii. 400 
liver, iii. 484 
mouth, iii. 386 
organ of hearing, iii. 231 
organ of smell, iii. 210 
skull, ii. 404 

teeth, i. 367, 360 ; iii, 272, 273,^160 
verte bral column, ii. 306 
O.sphrauter, organ of smell of, iii. 206 
Osplu’ornemis, organ of touch of, i. 326 
Ossification, teiulou.s of, in Avc.s, ii. 83 
O.sleocoiuma lioue-scgincut or osteo- 

mero), i. 27, '203 

()slr;u*ior., aliuieiilary canal of, i. 421 
hones of, i. 20 
muscles, i. 212 

Ostraciontida>, chara(‘lors of. i. 11 
Ostracostei, cliaraclers of, i. 12 
Otaria leonina, sen jiil.'ata, liver of, iii. 
486 

skull, ii. 4!)6, 497, 498 
teeth, iii, 336 

Otaria lobata, hair of, iii, 618 
Otaria ursina, hair of, iii. 618 
limh-lioues, ii. 607 
organ of hearing, iii, 234 
organ of sin ell, iii. 216 
Oti.s, organ of hearing of. ii. 133 
osseous sy.stem, ii. 23, 26, 82 
<^)tocr}pt.i,s, teeth of, i. 402 
Otr-dus, teeth of, i. 372 
(Molicuus crassicaudatus, alimentary canal 
of, iii. 431 

mammary glands, iii. 780 
organs of generation, male, iii, 672 
(Ksaeou.s system, ii. 512, 642 
Otolicnus IVli, osseous system of, ii. 612 
organs of generation, foiiialc, iii. 701 
tooth, iii. 316 
thornys, teeth of, iii, 296 
Otoops, mouth of, iii. 387 
Ottiu’, hones of the, ii. 601 
Oudeiiodon, teeth of, i. 386, 400 
thirax, osseous system of, ii. 27, 66 
tlvidie, horns of, iii. 624 

niaminary gland.**, iii. 779 
'^rlpont in Mammalia, iii. 711 
flvis animon, hair of, iii. 618 
•skull, ii. 474 

Ovis aries, characters of, ii. 286 
development, iii. 738 
macomyelon, iii. 87 
skull, ii. 474, 476 
Tiiahnra, skull ot^ ii. 474 
vertebral column, ii. 462 
^^vis muaimoii, Imir of, iii. 618 

VOL. HI. 


VKG 

Ovis Vignei, hair of, iii. 618 
skull, ii. 474 

Ovulation in Mammalia, iii. 709 
Ovum, development of, in vertebrates, i. 1 
Ox, alimeritnry canal of, iii. 471 
hones, ii 461, 472 
horns, iii. 626 
muscles, iii. 42 
organs of generation, iii. 668 
organ of hearing, iii. 233 
salivary gland, iii. 404 
organ of sijjlit, iii. 251 
organ of smell, iii. 213 
Oxyglossiis, alimentary canal of, i, 436 
teotli, i. 392 * 


P AOKl.T,S, changes a(?cornpfinying growth, 

i. 612 

Palicontology, i. viii ; iii. 700 
Paheosaurus, teeth of, i. 406 
Paheotherium, characters of, i. xvii, xxxi ; 

ii. 281, 309 

geological rt inains of, iii. 789 
teeth, iii. 340-313, 366, 376, 377 
Palamcth a, scapular arch and limbs of, ii. 7 4 
legumcnla)*}- system, ii. 232 
Palapteryx, characters of, ii. 12 
pelvic limbs, ii. 82 

Paloplotherium, geological remains of, iii. 
179 

Paiicre.as of Aves, ii. 178 
; Fi.slies, i. 428 

in Mammalia, iii. 492 

pancrealic llnid, iii. 499 
Reptiles, i. 463 
I\indi»)n, hones of, ii. 21 
Pangnsius, air-bladder of, i. 491 
Paug*din, hones of, ii. 403 
Paiiiciau corpuscles, i. 323 
Papio Mormon, brain of, iii, 91 

organs of generation, male, iii. 673 
female, iii. 703 
osseous system, ii. i)17, 531 
proseneephali)!!, iii. 131 
teeth, iii. 316 

Paradisia, charaeters of, ii. 10 
Paradoxurus typiis, alimentary canal of, 

iii. 445 ‘ 

mammary glands, iii. 780 
teeth, iii. 331 
verlebnil column, ii. 492 
Paraziphius, limb-bones of, ii. 427 
skull, ii. 426 

ParrJt, scapular arch and limbs, ii. 74 
eggs of, ii. 266 
I Pams, chanmters of, ii. 10 
I Passerita, organ of tasto t>f, i. 327 
i Patagonian, skull of, ii. 668 
‘ Pavo, osseous system of, ii. 27, 74, 81 
: Pearly vesicle covering the spinal nerves 
• of the Frog, i. 316 

Peccari. hours of. ii. 46S, -170 
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Pegasus draco, dermoskeleton of, i. 195 
Pelagius monacluis, limb-bones of, ii. 507 
yertebral column, ii. 495 
Pelamys, liver of, i. 448 
tegument, i. 654 
Pelccanus, beak of, ii. 1 18 
cervical verfobno, ii. 40 
heart, ii. 188 

muscles of the legs, ii. 1 03 
pelvis, ii. 34 

scapular arch and limbs, ii. 7tf 
skull, ii. 64 t 

sternum, ii. 23, 24 
tongues, ii. 153 

Pelobatcs fuscus, seiniiftition and ovulation 
of, i. 591. 692 

Penelope cristata, alimentary canal of, ii. 
171 

Penelope mirail, lower larynx of, ii. 220 
Peramelt'S, alinmntary canal of, iii. 412, 420 
limb-bones, ii. 3.')1, 352, 3G3 
lungs, iii. 576, 577 
mammary glands, iii, 774 
mourh, iii. 385 
muscles, iii. 13, 10 
organ of hearing, iii. 228 
organ of smell, iii. 208 
organ of taste, iii. 191 
skull, ii. 336, 337, 342 
teeth, iii. 287 

Perameles Gunnii, limb-bones of, ii. 352 
mouth, iii. 388 

Perameles lagotes, larynx of, iii, 584 
limb bones, ii. 362, 359, 363 
muscles, iii, 14 

organs of genention, male, iii. 647, 048 
ortian of hearing, iii. 228 
skull, ii. 335, 338, ^40, 343, 316, 347 
veriebnil column, ii. 333 
Peramele.s nasut a, alimentary canal of, i i i. 420 
blood, iii. 613 
skull, ii. 339 
teeth, iii. 288 

Perameles obesula, female organs of gene- 
ration of, iii. 683 
teeth, iii. 288 
Perea, characters of, i. 1 1 
skull, i. 107 
vertebral column, i, 43 
Perea fluviatilis, alimentary’ canal of, i. 416 
female organs of generation, i. 571 
heart, i. 472 

myelencepbalon, i. 277, 278 
myology, i. 202, 205-211 
nerves, i. 297, 304-306 
org^n of hearing, i. 342 
'organ of sight, i. 336 
ovulation, i. 690 

pyloric appendage and panerea.«, i. 430, 
432 

skull, i. 94, 106, 106, 109, 125 
teeth, i. 369 
veins, i. 467 


PET 

Percidae, characters of, L 1 1 
teeth, i. 378 

Percis, air-bladder of, i. 493 
Percophis, air-bladder of, i. 493 
Perdix, dor.*ial vertebrae and sternum of, ii. 
21, 22, 26, 27 
sacral vert cbm*, ii. 29 
PeriophtUalamus, myelencephalon of, i. 

275 

Perissodactyla, characters of, ii. 283, 296 
alimentary canal, iii. 458 
muscles, iii. 26 

organs of generation, male, iii, 660 
female, iii. 693 
prosencephalon, iii. 121 
teeth, iii. 362 
vertebral column, ii. 444 
Perissodactyhi, alimentary canal of, iii. 458 
brain, iii. 121 
organ of sight, iii. 261 
organs of generation, iii. 661 
male, iii. 661 
female, iii. 693 
osseous system, ii. 444 
skeleton, ii. 444 

A. vertebrate eolmnn, ii. 414, 
* cervical, ii. 444-448 

dorsal, ii. 444-448 
lumbar, ii. 444-448 
sacral, ii. 444-448 
caudal, ii. 414-418 

B. skull, ii. 448 

frontiils, ii. 449 
lacrymal, ii. 419 
nasal, ii. 449 
prcmaxillaries, ii. 449 
jaws, ii. 449 

C. bones of the limbs, ii. 454 

scapula, ii. 454 
humerus, ii. 454 
radius, ii. 464 
ulna, ii. 454 
ilium, ii. 454 
ischia, ii. 454 
carpus, ii. 456 
tibia, ii. 466 
hbula, ii. 4«56 
astragalus, ii. 457 

teeth, iii. 363 
urinary sy.‘‘t.em, iii. 606 
Porodicticus potto, cff'cunj of, iii. 431 
organs of generation, male, iii. 672 
female, iii. 701 

osseous sptem, ii. 612, 628, 641 
tongue, iii. 198 
Peruxnan, skull of, ii. 567 
Petalodus, teeth of, i. 371 
PetauruB, dorm of, iii. 612 

limb-boncB,ii. 363, 365, 356, 358, 359, 
361, 362 

mammary glands, iii. 770 • " 

skull, ii. 344, 347, 360 
vertebral column, ii. 329 
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Potaiirus (Acrohates) pygniffiue, alimentary 
canal of, iii. 418 

female organs of general ion, iii. 681 
skull of, ii. 385 

teeth, iii. 290, 336, 338, 340, 343, 349 
Petaurus Beniicttii, skull of, iii. 337, 338 
Petaurus flavivonter, skull of, iii. 336, 345 
Petaurus macrurus, limb-bones of, ii. 352 
vertebral column, ii. 331, 332 
Petaunis seiureus, limb-bones of, ii. 352 
skull, ii. 336, 337, 342, 343, 345 
vertebral column, ii. 332 
Petaunis Taguanoidos, alimenlury canal of, 
iii. 418 

female organs of generation, iii. G82, 
C83 

limb-boues, ii. 352, 360, 3G2 
skull, ii. 313 

Petrodoiuus, moulb of, iii. 384 
teeth, iii. 307 

Petronyzon {-yya. Aiiimocietos), characters 
of, i. 7, 9 

alimentary canal, i. 412 
gills, i. 475 
growl b, i. Gll 
heart, i. 471 
kidney.s, i. 534, 536 * 
liver, i. 425 
inuscles, i, 212 
nerves, i, 328 

organs of generation, male, i. 568 
female, i. 571 

osseous system, i. 32 

verti'bra?, dcvelopineril of, i. 32 
skull, i. 72, 114 
seininalion, i, 590 
Pezophap.s, oharacter.s of, ii. 13 
PeKoporus, dorsal vortebrie and .sternum «»f, 
ii. 28 

scapular arch and limbs, ii. 07 
Pliacocbcnrus, lungs of, iii. 581 
organ of smell, iii. 21G 
organ of taste, iii. 195 
skull, ii. 469 
spleen, iii. 5Gl 
teeth, iii. 34G 

Phsenicopterua, characters of, ii. 9 
alimcMiiary canal, ii. 157 
beak, ii. 149 

dorsal vertebrte and sternum, ii. IG, 23 
pelvic limbs, ii. 82 
tongue, ii. 152 
Phaiitoii, ebaraetevs of, ii. 9 
1‘balangista, mammary glands of, iii. 769 
limb-bones, ii. 351, 356, 359, 360, 301 
muscles, iii. 8 

skull, ii. 336, 337, 341 -34 4,317, 348, 
349, 350 
teeth, iii. 290 

vertebml column, ii. 328-334 
l^kalangista Oookii, limb-bones of, ii. 352. 
355, 362 
skull, ii. 345 


PHO 

Phalangista Cookii— 
teeth, iii. 289, 290 
vertebral column, ii. 331 
Phalangista fuligiuosa, lungs of, iii. 676 
thyroid gland, iii. 505 
Phalangista gliriformis, limb-bones of, ii. 
3o5, 3f.)9 
teeth, iii. 290 

Phalangista nrsina, limT)-bone.s of, iii. 362 
teeth, iii. 390 

Phalangista vulpina, alimentary canal of, 
iii. 420 « 
muscle.s, iii. 16 
salivary glands, iii. 398 
skull, ii. 347 * 
teeth, iii. 289, 290 
urinary system, iii. COG 
vertebral column, ii. 332 
Phalcroeorax carbo, alimentary canal of, 
ii. 157, 163 
skull, ii. G1 

Pliah'Hs, osseon.s system of, ii. 19, 25 
Pharyugognathi, characters of, i. 10, 11 
skull, i. 120 

Pha.H*ogale, alimentary canal of, iii. 411, 
412,420 
larynx, iii. 584 
mammary glands, iii. 774 
ti'cth, iii. 280 

Phascnlaretos, alimentary canal of, iii. 420 
development, iii. 749 
limli-bonos, ii. 351, 353, 357, 359 
organs oC generation, male, iii. 648 
skull, ii. 342 
teeth, iii. 290 
vertebral oolumii, ii. 334 
Phascolomys, chara«’tcrs of, ii. 2G9 
alirm-ntary c«nal, iii. 420 
limb-bones, ii. 350-35G, 358-362 
mammary glands, iii. 769 
incsenecphalon, iii. 98 
organs of generation, male, iii. 648 
female, iii. 682 
pro.sencephalon, iii. 107, 111 
skull, ii. 335-345. 347 
teeth, iii. 292, 313 

vertebral column, ii. 328--330, 331 , 
333, 334 

PhaseolotlKunuin, cliaracters of, i. xxxi 
dentition of, iii. 790 
skull, ii. 360 

Phasiaims, alimentary canal of, ii. 171 
dorsal vertobnt? and sternum, ii. 27 
generative system, ii. 257 
Philodon, wattles of, ii. 120 
Phoca (Caloeephalus) vitulinus, characters 
of, i. xix ; ii. 289, 296 
alimentary canal, iii. 416 
development, iii. 745 
heart, iii. 524 
limb-i)onos, ii. 607 
liver, iii. 486 
Imigs, iii. 681 
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Phoca (Caloceplialus) — contmued, 

organs of generation, male, iii. 0(59 
female, iii. 698 

pancreas, ii. 494 
prosencephalon, iii. 118, 119 
teeth, iii. 337 
thymus gland, iii. 561 . 
urinary system, iii. 005 
Phocii graeiilandica, limh-bones of, ii. 507 
prosencephalon, iii. 115 
skull, ii. 498 « 

vertebral column, ii. 488, 489, 494 
Phocieini communis, alimentary canal of, 
iii. 452 ^ 

arteries, iii. 536 ' 

female organs of generation, iii. 691 
heart, iii. 521 
larynx, iii. 587 
myelon, iii. 75 
nerves, iii. 152, 168 
organ of liearing, iii. 225 
skull, ii. 424 
reins, iii. 551 
vertebrate culurnii, ii. 418 
Phocona orca, teeth of, 281 
Pliocidae {sytK Pinnigradu), characters of, 
ii. 288 

locomotion, iii. 65 
mammary glands, iii, 780 
nerves, iii. 147 
organ of hearing, iii. 234 
tet'th, iii. 336 

vertebral column, ii. 490, 494 
Phocida?, organ of hearing of, iii. 234 
teeth, iii. 330 

Phrynosoina, teguments of, i. 555 
teeth, i. 403 

Phycis, pelvic arch and licnb of, i. 180 
Phyllonycteris, mouth of, iii. 387 
organ of taste, iii. 192 
Phyllostoma, denn of, iii. 613 
mouth, iii. 387 
teeth, iii. 310 

Phyllurus, teguments of, i. 556 
Physeter macrocrpluilus, larynx of, iii, 558 
limb-boni\s, ii. 426 
organ of hearing, iii. 231 
skull, ii. 422 

teeth, i. 362, 363 ; iii. 363 
vertebral column, ii, 415, 419 
Physcteridfft, skull of,.ii. 419 
Physiological anatomy, i. vii 
Picidse, characters of, ii. 12 
locomotion, ii. 116 
osseous system, ii. 37 
Picus, digestive system of, ii. 152 
tongue, ii. 152 
salirip 7 glands, ii. 155 
pancreas, ii. 158 
osseous system, ii. 19, 28, 58, 00 
Pimolodus, air-bladder of, i. 491 
liver, ii 427 
locomotion, i, 217 


PIS 

Pimelodus— 

organ of sight, i. 335 
teeth, i. 374 

Pinnigrada. See Phocidse 
Pipa, characters of, i. 1 5 
development, i. 528 
laiynx, i. 528 
lungs, i. 523 
organ of hearing, i. 347 
organ of sight, i. 337 
organ of smoll, i. 330 
organ of ta.stc*, i. 327 
pelvic arch and limb, i. 183, 184 
teguments, i. 551 
vertebrm, i. 34 

vertebral column, i. 46, 49, 50 
Pipidse, organs of taste of. i. 327 
Pisces, absorbent system of, i. 456 
lacteal Bystein, i. 456 
lymphatic system, i. 456 
chylo and lympli, i. 458 
adrenals, i. 542 

variation of structure, i. 543 
.air-bladder, i. 5, 255, 491, 494 
form, i. 491 
walls, i. 492 

variation in respect to the ah 
sence or prt.‘s<.;nco of the air- 
hladihT, i. 493 
vascular system, i. 494 
contents, i. 494 
function, i. 495 

hojnology of the swiin-bhuidei’ 
witn the lungs, i. 497 
alimentary canal, i, 409 

aljdorninal cavity, i. 409 
mouth, i. 409 
tongue, i. 411 
salivary .system, i. 412 
oesophagus, i. 414 
stomach, i. 416 

canliac orifice, i. 416 
forms, i. 416 
ea'cal, i. 416 
siphonial, i. 416 
modifications, i. 416-418 
muscular action, i. 419 
inte.stiual canal, i, 420 
large, i. 420 
small, i. 420 

tunics, i. 421 

muscular fibres, i. 
421 

mucous membrane, 
i. 421 

spiral valve, i. 422 
cloacal outlet, i. 424 
armour-plates, i. 246 
arteries, i, 488 
blood, i. 463 

colour, i. 463 ' 

blood-discs, i. 463 
organic matters, i. 463, 464 
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Pisces — coniinued. 
cerebollum, i. 274 
brain, i. 275 

devtilopmental characters, i. 4 
electric organs of, i. 350 
generative products and development, 
i. 589 

sperm-cells, sperniatoa, and sperm- 
atozoa, i. 589 

ovulation in Osseous Fishes, i. 

592 

stages of development, i. 593 
outer coat of the toc, i. 594 
ovnlation in Cartilaginous Fishes, 
i. 597 

fecundation, i. 599 
development, i. 601 
growth and nests, i. 611 
inetaniorphoses, i. 611 
marsupial ponchos, i. 613, 614 
' generative system, i. 508 
male rirgans, i. 568 
femalo organs, i. 571 
varieties of forms, i. 576 
hearing, organs of, i. 342 
heart, i. 470 
kidneys, i. 533 ^ 

shape, i. 534 
tissue, i. 534 
circulation, i. 537 
liver, i. 425 

texture, i. 425 
size, i. 425 
forms, i. 426 
gall-bladder, i. 427 
locomotion, i. 243 

effects of cutting off fins, i. 259 
muscular system, i. 202 
nerves, i. 297 
nervous system, i. 268 

myelencophalon, i. 268 
osseous system — 

dormoskeleton, i. 193 
pectoral limb, i. 163 
p(dvic arch and limb, i. 179 
skull, i. 92 

vertebral column, i. 34 
pancreas, i. 284 

proportion of hard and soft mat- 
ter, i. 19 

pyloric appendages, i. 428 
reproduction of parts, i. 567 
respiratory system, i. 475 
gills, i. 475 

purpose, i. 479 
mcKlifi cations, i. 484 
mechanism of branchial re- 
spiration, i. 488 

views respecting homologies and 
analogies of respiratory organs, 
498 

sight, organs of, i. 331 
smell, organs of, i, 32S 


1»LA 

Pisces— coJiiwM d. 
spleen, i. 490 
teeth, i. 368 
teguments, i. 516 
skin, i. 546 
scales, i. 546, 547 
lubricating mucus, i. 550 
thyroid body or gland, i. 564 
touch, organs of, i. 325 
urinary bladder, i. 535 
vems, i. 464 

why turn upside down in death, i, 258 
Pithecia crysocciphala, teeth of, iii. 315 
Pithecus satyrus, characters of, i. xx ; ii, 
272, 273 » 

iilirnentiiry canal, iii. 434 
arteries, iii. 536 
brain, iii. 127, 131 
feet, ii. 653 
larynx, iii. GOO 
locomotion, iii. 70 
lungs, iii. 582 
mummarv organs, iii. 780 
osseous system, ii. 520 
skull, ii. 534 
clavicle, ii. 514 
teeth, iii. 316 
Placentalia, iii. 285 
Placed us, char.iclers of, i. 16 
toetli, i. 387 

Placoganoidei, characters of, i. xxxviii, 12 
Plagiaulax, dentition of, iii. 790 
skull, ii. 350 
teeth, iii. 294, 314 
Pliigiostoini, cliaracters of, i. 7, 8 
locomotion, i. 253, 255 
Plagiostomi, characters of, i. 8, 13 
skull, i. 76^ 

Planiroslra {ni/n, f^patularia) spatula, ali- 
inciitary canal of, i. 410, 411, 415, 
416, 421 

gills, i. 482, 486 
skull, i. 75 

Platalea, dorsal vertebne and sternum of, 
ii. 23 

beak, ii. 118 
pelvic limbs, ii. 82 

PlatanJstrt, limb-bones of, ii. 427i 428 
skull, ii. 425 

Plutax, cliJinges accompanying growth of, 
i. 612 

teeth, i. 371 
vertebral column, i. 39 
Platunis, teguments of, i. 554 
Platvcephalus, vertebral column of, i. 13 
PlatydaetyluB guttatus, lary.ix of, i. 529 
liver, i. 419 

Platydactylus vittatus, larynx of, i. 520 
PhUyniantis plicifera, tcgumeii's of, i. 552 
Platypeltisfcrox, alimentary canal of, i. 446 
fecundation, i. 015 

Platyrhina, characters of, ii. 291, 296 
alimentary cawal, iii. 432 
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Platyrhina— 

cranium, ii. 529 
dorso-lumbar vertebrae, ii. 515 
larynx, iii. 698 
niMiiimary glands, iii. 780 
organ of smell, iii. 216 
organs of generation, male, iii. 672 
female, iii. 703 
prosencephalon, iii. 125 
tail, prehensile, iii. 71 
teeth, iii. 315 « 

Plecfedgnathi, chiimctcrs of,^i. 11 
Pleoctiis alimentary canal of, iii. 429 
Plesiosaurus, diameters of, i. 16 
organ of smell, i. S.'K) 
pelvic arch and limb, i. 181 
vertebral column, i. 51, 52 
riestiodon, teguments ot’, i. 552 
Plethodon, teguments of, i. 552 
Pleurodeles, vertebral column of, i. 49 
PleuMnectes, cliaracters of, i. 10 
alimentary canal, i. 42P 
veins, i. 468 

Pleuronectc.s platessa, mveiicepbalun of, i. 

278 

ovulation, i. 596 

pvloric appendages and pancreas, i. 
"431, 432 

vertebral column, i, 46 
Pleuronectes solea, mymioepliulon of, i. 278 
teguments, i. 546 
vertebral column, i. 45 
Pleuronectidfle, clniructers of, i. 10 
myol encephalon, i 275 
organ of sight, i. 331, 334 
organs of gemfration, male, i. 569 
female, i. 574 

skull, i. 109, 110, 112 
Pleim^sternon, vertebral c(»Tumn of, i. 64 
Pliolophus, characters of, ii, 281 
geological remains of, iii. 792 
teeth, iii. 341, 343, 375, 377 
Pliosaurus, characters of, i. xxxviii, 16 
pectoral limb, i. 171 
teeth, i. 387 
vertebral column, i. 53 
Ploceus, eggs of, ii. 257 
Plot us, characters of, ii, 9 
Plyctolophus, osseous system of, ii. 58, 63 
Podargus, osseous system of, ii. 28 

doraal vertfcbrio and stern urn, ii. 

28 

sacrail vertebrae and tail, ii. 34 
skull ii. 51, 53 
pelvic limbs, ii. 81 

Podiceps, alimentary canal of, ii. 174 
dorsal verte*braE! and sternum, ii. 26 
heart, ii. 188 
pelvic limbs, it. 82 

sacral vortebne, pelvis, and tail, ii. 31, 
34, 30. r 

Podocnemys, skull of, i. 134 


PRI 

Pfficilia, teeth of, i. 373 
Poison-fangs of serpents, i. 395 
Poison-glands of ileptiles, i. 663 
Pulychrus, lungs of, i. 525 
Poly nonius, air-bladder of, i. 493 
myelcncephalon, i. 271 
organ of touch, i. 326 
Polypedates, alimontary canal of, i. 435 
absorbents, i. 458 
arteries, i. 516, 618 
development, i. 619-621, 629, 640 
fecundation, i. 615 
female organs of generation, i. 585 
gills, i. 513 
kidneys, i. 538 
larynx, i. 527 
lungs, i. 523 

male organs of generation, i. 579 
pancreas, i. 454 
reppodneibh? parls, i. 567 
semination, i. 592 
teguments, i. 552, 553 
veins, i. 502 

Polvplectron, dorsal vertebra? and sternum 
of, ii. 27 

Pulyprion, skull of, i. 108, 120 
Polyptcrus, charaeh.TH of, i. xxvii. 
air-bladder, i. 49], 494 
alimentary canal, i. 417, 422 
blocxl, i. 500 

dermoskeleton, i. 195-197 
gills, i. 480 
liver, i. 427 
locomotion, i. 247 
pectoral limb, i. 167 
scaj)ular arch and appendages, i. 162 
skull, i. 107, 108, 111, 118, 120, 129, 
156 

teguments, i. 549 

vertebral column, i. 37-39, 43, 41 
Polyptychodt>n, cluiraelers of, i. xxxviii 
teeth, i. 387 

Pomaceulriis, ehar.acters of, ill 
Porcupine, lower juw of, iii. 151 
organs of generation, iii. 650 
.skull, ii. 374 
.spines, iii. 622 
Porphyrio, skull of, ii. 57 
Porxioise, arteries of, iii. 538 
bones, ii, 418, r/- 
nerves, iii. 152, 168 
PuUimogale, teeth of, iii. 305 
PfsecocoH, charaetcr.s of, ii. 7 
development of, ii. 265 
Pricxlon, teeth of, i, 372, 377, 378 ; iii. 266, 
273 

Ib'ionitida?, characters of, ii. 1 1 
Prionodon, teeth of, i. 377, 378 
Prionotiis, air-bladder of, i. 491 
Prish'dfi?, characters of, i. 13 
Pristi|;K>nmtidte, alimentary canal of, i. 4l-> 
Prist is, growth, and nests of, i. 61 1 
liver, i. 426, 427 
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Pri«ti9 — continued, 
locomotion, 1, 252 
organ of smell, i. 329 
skull, i. 81 

teeth, i. 373, 378, 383 
Prohoscidia, alimentary canal of, iii. 455 
characters, ii. 283 
organa of generation, iii. 6G0 
male, iii. G60 
female, iii. 698 
osseous system, ii. 437 
skeleton, ii. 437 

A. vertebral column, ii. 437 

cervical, ii. 437 
dorsjil, ii. 437 
lumbar, ii. 438 
sacral, ii. 438 
caudal, ii. 438 

B. skull, ii. 438 

vomer, ii. 439 
frontal, ii. 440 
nasals, ii. 140 
preinaxillaiy, ii. 140 
maxillaiy, ii. 140 
jaws, ii, 410 

C. bones of the limbs, ii. 411 

scapula, ii. 441 
humerus, ii. 442 
radius, ii. 442 
ulna, ii. 442 
femur, ii, 413 
tibia, ii, 443 
Gbula, ii. 444 
pat(*lU, ii. 444 
foot, ii. 444 
teeth of, iii. 359 
Proboscis of elephant, iii. 390 
Procellaria, characUu's of, ii. 9 
alimentary canal, ii. 165 
organ of smell, ii. 131 
pelvis, ii. 31 
sternum, ii. 23 

Proceelia, characters of, i. xxxviii, 17 
vertebral column, i. 69 
Procyon lotor, limb-bones of, ii. oOl, 503, 508 
teeth, iii. 334 
vertebral column, ii. 491 
Propitheciis diaxlonia,,limb-l>ones of, ii, 542 
l^roteus, cliaraeters of, i. xxxii 
urterie.s, i. 516 
gills, i. 514, 515 
heart, i. 506 

male organs of generation, i. 576 
organ of hearing, i. 347 
organ of sight, i. 337 
organ of smell, i. 330 
pectoral limb, i. 170 
pelvic arch and limb, i. 181, 182 
thymus body, i. 565 
Protopteri, characters of, i. 14 
,, organ of smell, i. 330 
skull, i. 82 

vertebral column, i. 46 
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Protoptcrus annectens, characters of, i. 
xxxii 

air-bladder, i. 491, 498 

alimentary canal, t. 413, 415, 417 

development, i. 610 

gills, i. 475, 477, 482, 485, 486 

heart, i. 474 

liver, i. 451 

myelencephalon, i. 277, 282-285 
nerves, iii. 163 
pelvic arch and limb, i. 181 
sci^mlar arch, i. 162; iii. 165 
skull, i. 10^ ; ii. 302, 306 
vertebral column, i. 41, 17 
Protorosaurus, teeth of, i. 405 
Proveiitriculus of !\.ves, ii. 160 
Prycnodon, teeth of, iii. 334 
Psammodus, teeth of, i. 378 • 

Psammophis, alimentary canal of, i. 440 
liver, i. 450 

Psammosaums gri.seus, arteries of, i. 519 
oviposit ion, i. 617 
thyroid body, i. 565 
Psettus, characters of, i. xxxii i 
Pseiidopus, absorbents of, i. 459 
lungs, i. 625 
vertebral column, i. 57 
Psittacidse, characters of, ii. 12 
alimentary canal, ii. 173 
external sexual characters, ii. 258 
liver, ii. 177 
loNvt*r larynx, ii, 224 
nervous system; ii. 119 
osseous system, ii. 55, 78, 81 
Psittaciis, loM'cr larynx of, ii. 224 
osseous systeih, ii. 28, 30, 32, 51 
Psophia, osseous svstem of, ii. 21, 23, 32, 
67 

Pterichthys, cluaractcrsof, i. 12 
denuo.skeloton, i. 197 

Pterocles, dorsal vertebrae and pelvi.s of, 
ii. 27 

gniemtive system, ii. 256 
Pterodactyl us, characters of, i. xxxviii, 18 
hxiomotion, i. 265 
pectoral limb, i. 176, 177 
skull, i. 158, 161 
teeth, i. 405, 406 
vertebral column, i. 70 
Pterodon, teeth of, iii. 338 
Pteromys volucella, characters of, ii. 276 
derm, iii. 612 
limb-bone.s, ii. 384 
organ of hearing, iii. 231 
organ of sight, iii. 247 
Ptevopus, characters of, ii. 278, 296 
dovedopment, iii. 730 
larynx, iii. 686 
liinb-boncs, ii. 393 
lungs, iii. 577 
mammary glands, iii. 776 
organ of hearing, iii. 2^0 
organs of generation, male, iii. 657 
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Pteropiis— 

oi'giins of generation, female, iii. 680 
organs of lasic, iii. 102 
organs of tonch, iii. 190 
pancreas, iii. 184 
skull, ii. 888 
spleen, iii. 562 
teeth, iii. 311 
vertebral column, ii. 387 
Pterosauria, charjieters of, i. xx.xviii, 6, 18 
poetoi'iil limb, i. 175 
skull, i. 161 • 

vert-ebral column, i. 70« 
Ptiloiiorhvnchiis, nest of, ii. 258 
Ptychogiiatus, teeth of, i.^400 
Ptycheinvs riigosa, lungs of, i. 526 
Ptyodaciylns fimbriMtns, lungs of, i. .V25 
Putorins, Ikuios of the liml»s of, ii, 509 
prosencephalon, iii. 110, 120 
skull, ii. 501 
teeth, iii. 333 

Putorins errnineus. organ of sight of, ii. 143 
vcrtebr.al eoluinn. ii. 191 
Putorins furo, development (jf, iii. 714 
Pycnodoiitidje, characters of, i. 12 
toctli, i. 378 

Pycnedus, charat'ters of, i. 12 
Pygoptis lepidopus, teguments of, i. 557 
Pyrgita, generative system of, ii, 243, 245 
Pyrrhula. eggs of, ii. 267 
skull, ii. 422 

Python, absorbents of, i. 150 
arteries, i. 520 
liver, I. 451 

Diyelcnceplialon, i. 292 
myology, i. 225 
sknll, i. 1 18 
teguments, i. 554 
vcTtebral column, i, 6CF 
Python amethystinus, teguments of, i. 558 
thymus Imly, i. 565 
Python bivittatus, oviposition in, i. 617 
Python .Schlegellii, teguments of, i. 555 
Python tigi’is, arteries of, i. 519 
kidneys, i. 539 
lungs, i. 524 
muscles, i, 224, 228 
nerves, i. 316 
organ of sight, i. 338 
pancrfa.s, i. 453 
skull, i. 147 
teeth, i. 394 
tognments, i. 554 
thymus body, i. 565 
vertebral column, i. 56 . 


Q UADRUMANA, adrenals of, iii. 570 
alimentary cjinai, iii. 429 
cJmraerers, ii. 290 
brain, iii. J29 
development, iii. 745 
ear, iii. 235 


UAI 

Quadrumana — conihmed^ 
locomotion, iii. 70 
mouth, iii. 395 
muscles, iii. 52 
nerves, iii. 154, 162 
organ of sight, iii. 252 
organ of smell, iii. 216 
organs of generation, iii. 672 
male, iii. 672 
female, iii. 701 
osseous system, ii. 511 
skeleton, ii. 511 

A. vertebral column, ii. 512 
dorsal, ii. 51 2 -525 
lumbar, ii. 512-525 
sacral, ii. 512 -525 
Cervical, ii. 512 -525 
lb skull, ii. 525 

bones of the, ii. 525-538 
0. bones of the limbs, ii. 53S 
scapula, ii. 530-553 
elaviclt!, ii. 539-553 
hunienis, ii. 539--553 
rndliis, ii. 539-553 
wrist-bom s, ii. 539-553 
ilium, ii. 540-553 
tscliia, ii. 540-553 
pubic bones, ii. 510-553 
iVmnr, ii, 549-553 
tibia, ii. 510-553 
fibula, ii. 541- 553 
tarsal, ii. 511 553 
respiratory .system, iii. 582 
salivary .system, iii. 405 
syinpiithetic system, iii. 181 
teeth, iii. 313 
tongue, iii. 199 
urinary system, iii. 608 
veins, iii. 555 


ABBII’, alimentary canal of, iii. 423 
g«-nei*ation of, iii. 724 
locomotion, iii. 69 
ovum, i, 2 

stfige.s of development, i. 3 
genus, i. 3 
Uachioflon. iSVe Deirtxlon. 

Racoon, bones of, ii. 601 
Kaia bails, 

heart, i. 474 
mu.scles, i. 201 
myeleiicephalon, i. 271 
nerves, i. 290, 302 
ovulation, i. 598 
skull, i. 80 

sympathetic nervous system, i. 319 
teguments, i. 549 
thyroid body, i. 564 
Raia elavata, myeJenccphalon of, i. 271 
vertebral column, i. 36 * 

Ilaia inacidata, female organs of generation 
of, 1 . 575 
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Raia oxyrhynchus, Bernination of, i. 690 
Raiidie, characters of, i. 13 
Ralliis, locomotion of, ii. 113 
Ramplioryiu'hus, characters of, i. 18 
VJU'tobral column, i. 70 
Rana boans, vertebral column of, i. 49 . 

JUna catesbianu, alimentary caual of, i, 
44G 

liv<‘T, i. 4o0 
pancreas, i. 451 

Rana esculeuta, development of, i. G22 
vertebral column, i. 47 
Rana temporarla, characters of, i. 15 
aJiinentary canal, i, 435 
nerves, i. 316 
organ of sight, i. 337 
pelvic arch and limb, i. 183 
skull, i. 86, 89, 175 
syi apathetic nervous systenj, i. 319 
teeth, i. 392 
vertebral column, i. 40 
Raniceps trifuroatus, pelvic arch aud limb 
of, i. 180 

Ran in a, characters of, i. 15 
Kaploros, cliaraeters of, ii. 1 1 
. pelvis, ii. 32 

sternnin, ii. 27 • 

Rasores, characters of the order, i. 10 
Rat. See Mas 

Ratelus moIUvorus, female organs of gene- 
ration of, iii. 700 
limb- bones, ii. 509 
skull, ii. 501 

Rattlesnake, muscles of the, i. 227 
R ays, absence of air bladdtU’ in, i, 255 
Keen rvi rostra, skull of, ii. 61 
Rcg(?nia o<fellata, lungs of, i. 525 
Roimleer, bones of, ii. 464, 178 
stomach, iii. 472 
Uepciitia, characters of, i. 17 
Roproducihlo pari.^j in Hiematocrya, i. 566 
Ratrachia, i. 566 
Keptilia, i. 567 
Fishes, i. 567 

ReptiJia, alvsorbents, i, 458 
lacteals, i. 458 
lymphatics, i. 459 
alimentary canal, i. 433 

abdominal cavity, i. 433 
mouth, i. 434 
tongue, i. 435 
salivary apparatvis, i. 439 
(esophagus, i. 410 
stomach, i. 440 
intestinal canal, i. 442 
forme, i. 413 
muscular tissue, i. 444 
mucous raernbmne, i. 414 
spiral valve, i. 446 
cloaca! orifice, i. 418 
• liver, i. 448 

gall-bladder, i. 451 
panert^as, i, 463 


lirni; 

Reptilia — contmned, 
arteries, i. 516 

distribution of art orial blood, i. 520 
blood, i. 500 

discs, i. 600, 501 
quantity, j. 501 
colour, i. 501 

developmental characters, i. 5 
fecundation, i. 614 
oviposition, i. 616 
, development of Ratrachia, i. 619 
of scaled R(;ptilcs, i. 630 
generative system, i. 579 
male, i. 583 
f(‘inale, i. «85 

ovulation in scaled reptiles, i. 

597, 599 

gills of Ratrachia, i. 512 
liearing, organs of, i. 347 
heart, i. 505 
kklneys, i. 537 
larynx, i. 527 
I locomotion, i. 259 

i in limbed reptiles, i. 262 

i i- d2I, 530 

! musj'ular system, i. 215 

iiiTvcs, i. 309 
nervous system, i. 290 

myclcucephaloii, i. 290 
osseous system : ])roj)ortinn of hard and 
soft matter, i. 20 
dcrmoskeleton, i. 198 
pcct»)ral limb, i. 169 
pelvic arch ami limb, i. 181 
pX)ison-glands, i. 563 
ropriHluction of parts, i. 5fi7 
respiratory syslimi, i. 516, 521 
Jiclions,^. 530 
scent-glands, i. 562 
sight, organs of. i. 337 
smclb organs of, i. 330 
teeth, i. 385 
tegumeuts, i. 550 
j skin, i. 55t) 

, mucous follich's, i. 552 

I periodical shedding of the epi- 

derm, i. 553 

thymus body or gland, i. 565 
thyroid body or gland, i. 56 1 
touch, organs of, i. 327 
veins, i. 501 

Rhamphastos, fauces and tongue of, ii. 130, 
151 

liver, ii. 151 

organ of smell, ii. 130, 131 
; • osseous system, ii. 28 
i Rliamphastidce, characters of, ii. 12 
alimentary canal, ii. 173 
oSkScoiis system, ii. 67 
I Rhea, alimentary canal of, ii. 161 
! generative system, ii. 257 

osseous svsiem, ii. 19, 23, 35, 49, 52, 
i 54,64.66,311 
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Rhinelepis, air-bladder of, i. 493 
Rhinobatcs, heart of, i. 474 
pectoral limb, i. 169 
vertebral column, i. 36 
Rhinobatidaj, characters of, i. 13 
Rhinoceros, characters ot ii. 283 
habitat of the, iii. <94 
muscles, ii. 49 

Rhinoceros indicus, characters of skeleton 
of, ii. 284, 28d 

brain, size of, iii. 143 , 

cerebellum, iii. 90 

fonialo organs of generation, iii. 693 

glands opening on the feet, iii. 638 

heart, iii. 522 • 

horns, iii. 624 

limb-bones, ii. 455 

lungs, iii. 580 

organ of sight, iii. 260 

organ of hearing, iii. 233 

peculiar glands, iii. 638 

peritoneum, iii. 503 j 

prosencephalon, iii. 120-122 I 

skull, ii. 450 

teeth, iii. 340, 312, 356, 377 
tongue, iii. 195 

Rhinoceros Ketloa, horns of, iii. 624 
Rhinoceros leptorliinus, alimoutary canal 
of, iii. 450 

Rhinoceros minutus, horns of, iii. 621 
Rhinoceros Orwellii, horns of, iii, 624 
Rhinoceros sondaicus, horns of, iii. 024 
Rhiiiocoros sumatramis, female organ.s of 
generation of, iii. 684 

Rhiuoeej’os ticlneornis, alimentary canal of, 
iii. 450 
hair, iii. 618 

Rhinolophus, alimentary c^niil of, iii. 429 
denn, iii. 613 
organ of smell, iii. 209 
organ of touch, iii. 189, 190 
skull, ii. 388 
spleen, iii. 562 

Rhinophis, organ of hearing of, i. 348 
Rhinophrynus, alimentary canal of, i. 436 
Rhinopoma, alimentary canal of, iii. 429 
derm, iii. 013 
mouth, iii, 387 
Rhinoptura, skull of, i. 82 
Rhizodus (pr«ibiibly a Ganocophalo), tcetli 
of, i. 378 

Rhombopholis, characters of, i. 15 
Rhombus maximiis, liver of, i. 427 
myelonceplialon, i. 278 
pyloric appendage and pancreas, i. 430 
vertebral column, i. 42 
Rhombus xanthurus, alimentary canal of, 
i.415 I 

Rhynchocephalus (s^n. Hatteria), skull of, i 

L 154. 159 ; 

teeth, i. 388 i 

vertebral column, i. 57 , ! 

lihynchsea austraJi.s, ii. 220 


RUM 

Rhynebosaurus, tcM^th of, i. 385, 400 
Rhynchotus, skull of, ii. 55 
Rhyncocyon, alimentary canal of, iii. 427,428 
mesencephalon, iii. 98 
mouth, iii. 384 
nerves, iii. 151 

organs of generation, male, iii. 657 
female, iii. 688 
pmsencephalon, iii. 109 
skull, ii. 390 
spleen, iii. 560 
teeth, iii. 306 

Rliyncops, characters of, ii. 9 
beak, ii. 147 
skull, ii. 57 

Rhytina, female organs of generation of, 
iii. 692 
heart, iii. 521 
organ of sight, iii. 250 
organ of taste, iii. 194 
skull, ii. 433 
urinary system, iii. 107 
vertebral column, ii. 430, 432 
Rhyzt'CMa tetradactyla, alimentary canal of, 
iii. 444 

limb-bones, ii, 510 
male organs df generation, iii. 670 
Rodentia, alimentary canal of, iii. 420 
characters, ii. 276 
liver, iii. 484 
locomotion, iii. 68 
muscles, iii. 10 
pancreas, iii. 493 
organs of generation, iii. 649 
male, iii. 649 
female, iii. 687 
organ of hearing, iii. 231 
organ of smell, iii. 209 
osseous system, ii. 364 
skeleton, ii. 364 

A. vertebral column, ii, 364 

cervical, ii. 364 
dorso-luml>{ir, ii. 364 
sacml, ii. 365 
caudal, ii. 365 

B. skull, ii. 307 

in various specie.s, ii. 367 

C. bones of the limbs, ii. 378 

in various species, ii. 

378-381 

respiratory system, iii. 677 
salivary glands, iii. 398 
teeth, iii. 294 

teguinontary system, iii. 609 
tongue, iii. 191, 193 
Rostral bones in Marsupialia, ii. 344 
Sus, ii. 468 

Ruminantia, alimentary canal, iii. 470 
arteries, iii. 547 
development, iii. 737 
heart, iii. 522 * 

horns, iii. 624 
mouth, iii. 392 
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BUM 


SCL 


Kumiimntia — continued. 
neiTos, iii. 153 
organs of goncration, iii. 607 
organ of hearing, iii. 233 
organ of sight, iii. 251, 252 
organ of smell, iii. 211 
peculiar glands, iii. 032 
spliuni, iii. 561 
tooth, iii. 349, 350 
thyroid, iii. 5G5 
tongue, iii. 196 
urinary system, iii. 607 
Euminalion of Kangaroo, iii. 415 

QACCOI5RANCHU8, gills of, i. 488 
IJ Saceolsiimus, mout h of, iii. 387 
Saccomys, mouth of, iii. 380 
iSaccoptcryx, derm of, iii. 013 

glandular ciUanooiis sac of, iii. 638 
iSaccostonuis, mouth of, iii. 386 
iSahimandra atra, absorbents of, i. 458, 462 
arteries, i. 516 
gills, i. 515 
lieart, i. 506, 507 
• lungs, i. 521 

muscles, i. 21 G -218 * 
organ of sight, i. 337 
veins, i. 502 
vertebral column, i. 49 
Salamandra glutinosa, teeth of, i. 386 
.Salamandra ja|X)nioa (.\////. unguiculata), 
feeiindation of, i. 615 
teguments, i. 551 

Salamandra maculosa, characters of, i. 15 
fecundation, i. 614 

female organs of generat ion, i. 584,585 
lungs, i. 521 
muscles, i. 215, 222 
pelvic arch and limb, i. 182 
teguments, i. 552 
vertebral column, i. 19 
•Salamaiidridaj, characters of, i. 15 
pelvic arch and limb, i. 182 
Siilamamlroidei, characters of, i. 12 
skull, i. Ill 

Malarias, f«‘Cundiition of, i. 099 
Saliva, analysis of, iii. 409 
l^almo. alimentary Ciinal of, i. 121 
gills, i. 481 
nerves, i. 297, 306 
osseous system, i. 38 

vertebral column, i. 38, 14 
polvic an’.h and limb, i. 179 
ovulation, i. 592, 595 
])ancreas, i. 432 
teguments, i. 547 
veins, i. 46H 

S^alnio eriox, pootoral limb of. i. 166 
pelvic arch and limb, i. 180 
• vertebral column, i. 44 
Salmo fario, nest of, i. 614 

pelvic arch and limb^ i. 179 


Salmo salar, growth and migration.^ of, i. 

612, 613 
liver, i. 429 
organ of sight, i. 333 
pelvic arch and limb, i. 179 
Salmon, developmopt and growth of, i. 612 
Salmoiiidge, eharaefers of, i. 10 
locomotion, i, 254 
osseous system, i. 37 

vertebral column, i. 37 
,skall,i. 114 

pelvic arch and limb, i. 180 
teeth, i. 372* 

Sarcoramphiis, lower larynx of, ii. 221 
osseous systeurf ii. 27, 81 
Sargus, alimentary canal of, i. 417 
development of bones, i. 21 
I myelencephalon, i. 283 

teeth, i. 377, 382. 390 
; Sartoriiis muscle in Aves, ii. 102 
i Sauropt-erygia, eluimcters of, i. xxxviii, 16 
j teeth of, i. 388 

j vertebral column, i. 51 

I Saurus, characters of, i. 10 
I Saviaii corpuscles, i. 324 
[ Scales of Aves, ii. 232 
i Eishes, 546-549 

j ealeificalioM, i. 549 

I Mammalia, iii. 622 

j Scalops, teeth of, iii. 303, 304 
! 8cau.sores, characters of, ii. 1 1 
i pedvis, ii. 32 

j sternum, ii. 28 

j Scams, pectoral limb of, i. 166 
' teeth, i. 369-372, 377, 378, 382 

I ver((*bral column, i. 34 

Scelidostiuriis, char/iclors of, i. 18, 19 
; Sccat-glands of IV^ammalia. iii. 637 
! Kepliles, i. 562 

j Scitena, alimentary canal of, i. 421 
■ nir-biadder, i. 192 

I liv4 r, i. 127 

I Sciienidfc, characters of, i. 11 
; Scincidte, dermoskeletuu of, i. 198 
i pectoral limb, i. 175 

j teeth, i. 388 

I Sciucus oificiiialm, teetli of, i. 401 
i Sciuridjc, limb- bones of, ii. 383 
I female organs of generation, iii. 686 

Sciurus cinereus, alimentary canal of, iii. 

421 

limb-bones, ii. 383 

Sciimis maximus, limb-bones of, ii. 383 
liver, iii. 485 

Sciurus palmarum, mammary glands ol^ iii. 

775 

Sciurus vulgaris, alimentary canal of, iii. 

421, 424 

organs of generation, male, iii. 649 
Sclerodermi, characters of, i. 1 1 
i Sclerogonidr'c, characters of, i. 11 
j peetoral limb, i. 166 

I skull,!. 123 
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Scoliodon, alimentary canal of, i. 422 
lungs, i. 625 

Scolopix, dorsal vertebrae and sternum of, 
ii. 23, 26 

sacral Tertobrie, pelvis, and tail, ii. 32 
skull, ii. 54 
pelvic limbs, ii. 82 

Scomber sconibriis. adrenals of, i. 642 
almientary canal, i. 418, 421 
myology, i. 204 

nerves, i. 207, 306 , 

Scomber tnu’himis, myelencepbalon, i. 283 
»St;-oinberesox. characters of; i. 10 
Sconiberidre, characters of, i. 11 
locomotion, i. 254 • 

Scope! idfc, characters of, i. 10 
Scops, osseous system of, ii. 32 
Scorprena, gills of, i. 480 

pyloric appendages and pancreas, i. 

*'430 

Scorpjena scrofi, heart of, i. 473 
Seylliidic, characters of, i. 13 
alimentary canal of, i. 423 
Scylliuin, development of, i, 6o0, 610 
female organs of generation, i. 575 
heart, i. 474 
organ of touch, i. 325 
semi rial ion. i. 500 
vei-tebral column, i. 33, 35 
ScylHum canicula, developuieat of, i. 610 
fecundation, i. 508 
Scymniida?, characters of, i. 13 
Scymnns, heart of, i. 474 
vertebral column, i. 35 
teeth, 1 . 373 

Scymnii.s lichia, skull of, i, 78 
Scyraiius nicoeensis, semination of, i. 500 
iSea-lion, bones of, ii. 407 ^ 

Seal, alimentary canal of, iii. 415 
bones, ii. 488, 401 
salivary gland, iii. 404 
Sebastrrs, gills of, i. 480 
liver, i. 427 

Solache maxima, alimentary canal of, i. 415, 
417, 423 
growth, i. 61 1 
kidneys, i. 534 
liver, i. 426 

male organs of generation, i. 570 
myelencejihalon, i. 273 
organ of sight, i. 334 
verteliral column, i. 33 
SeLiehii, characters of, i. 13 
St^miophorus, teguments of, i. 556 
Semnonithecu.s enlelJus, ulirneiitary canal 
of, iii. 432, 446 
osseous system, ii. 619, 533 
Semnopithocus fascicularls, alimoiitary 
canai, iii. 433, 446 

SemnopithecuK raelalophis, osseous system 
of, ii. 619 

Seps, teeth of, i. 401 
Serpents. Stf Ophidit 


SiU 

Shark, cerebellum of, i. 287 
locomotion, i. 245 
j>cctorul fins of, i. 257 
skeleton, i. 215 

Sheep, alimentary canal of, iii. 471 
bones, ii. 462, 474 
organ of smell, iii. 214 
Shrews, teeth of, iii. 301 
Siamang, bones ol; ii. 620, ei seq, 

. skeleton of, ii. 291 
Sieboldia, male organs of generation of, 
i. 576, 577 

Silhigo, air-bladder of, i, 491 
Siliiridse, alimentmy canal of, i. 421 
dermoskeleton, i. 193 
liver, i. 425 
locomotion, i. 268 
nerves, i. 209 
organ of touch, i. 325 
osseous dermal plates of, i. 248 
Silurus, organ of sight, i. 355 
pectoral limb, i. 166, 167 
teeth, i. 371 

Silurus glanis, absorbents of, i. 457 
arteries, i. 489 
teeth, i. 369 
veins, i. 468 * 

Siredon. See Axolotes 
iSiron, blood-discs of, i. 4 
I characters of. i. 5 

adrenals, i. 543 

i female organs of generation, i. 583 
1 gills, i. 614, 515 

hciirt, i. 506 
: kidneys, i. 537 

l.'irynx, i. 527 
liver, i. 448, 451 

i pelvic arch and limb, i. 179 

teeth, i. 391 

• teguments, i. 552 

thymus body, i. 505 
vertebral column, i. 47 
: veins, i. 501 

Sironia, alimentary canal, iii. 454 
characters, ii. 281 
! heart, iii. 521 

liver, iii. 478 

\ nervous .system, iii. 75 

j organs of generation, iii. 660 

I hearing, iii. 226 

I iii. 250 

I smell, iii. 210 

: respiratory system, iii. 579 

teeth, iii. 283 
I tongue, iii, 191 

! O.S8COIIS system, ii. 429 

i skeleton, ii. 429 

I A. vert(?brate column, ii. 430 

cervicals, ii. 430-432 
i dorsal, ii. 430-432 

I 1 umbo-caudal, ii. 430 ♦ 

i sacral, ii. 430-432 

! R. skull ii. 433 
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SIR 

Sil’onia - Kkoletoii— con/i/i 

rostral, ii. 133 
maxillary, ii. 434 
mandiblo, ii. 434 
C. b(»i) 0 H of tlie limbs, ii. 435 
scapula, ii. 435 
hmuoriiH, ii. 436 
radius, ii. 430 
ulna, ii. 436 
carpals, ii. 136 
?litta, characters of, ii. 10 
Sivatheriuiu, horns of, iii. 625 
skull, ii. 473 
^kate, blood-disc.s of, i. 4 
Skeleton, archetype, i. 29 
Sloth, alimentary canal of, iii. 450 
three-tf)ed, bones of, ii. 399, 405 
Smaris, air-bladder of, i. 491 
Soloiu^lon, alimentary canal of iii. 427,428 
orj^aii of hearinjjf. iii. 229 
teeth, iii. 304, 305 
SoleotJilpa, charaeter.s of, i. xxxili 
Sorcidio, characters of, ii. 277, 296 
alimentary canal, iii. 427 
musky i»bind.‘<. iii. 634 
teeth, iii. 305, 313 

Sorex araiieiis, orjjjan of '/learin<r of. iii. 229 
Spalacotherinrn, teeth of, iii. 302, 303, 790 
Spalax typhlus, mouth of, iii. 386 
orgjin of .siglit, iii. 246 
skull, ill. 376 

Sparid.'e, chumeters of, i. 11 
aHmentary canal of, i. 421 
Spiirus (Epihiilus) insidiutor, locomotion of, 
i. 250 

skull, i. 119, 122 
Spatularia. te rianirostra. 

SpoTinophilus, mouth of, iii. 386 
SpluifTebraiichus, gills of, i. 478 
Spliargis, ovi position of, i. 618 
teguments, i. 557, oeO- ofil 
vertebral column, i. 61, 62 
Specie.^, definition of, iii. 792 

extinction of, i. xxxiv ; iii. 797 
origin of, i. xxxiii; iii, 793 
succession of, iii. 789 
f^phenii-cus, eggs of, ii. 25<J 
Sphenosaurus, vertebral column of, i. 53 
Sphyrama, aHmentarY canal of, i. 426 
air-bladder, i. 491 
teeth, i. 372, 375. 377, 378, 382 
vi'phyrienidaN characters of, i. 11 
Spider-monkey, bones of, ii. 516, (f srq, 
Spinachorhinu.s, vert<!bral column of, i. 36 
Spinacidse, characters of, i. 1 3 
alimentary canal of, i. 423 
Spinax, alimentary canal of, i. 113. 423 
development, i. 610 
male org.ins of generation, i. 570 
semination, i. 590 

Spinax acanthias, alimentary canal of, i. 115 
female organs of generation, i. 573 
pectoral limb, i. i6_8 


STR 

Spermaceti, whore lodged in the skull, ii. 
421 

Sperm-cells of Fishes, i. 589 
Spurs of Birds, ii. 74 
Squalodon. 6Vc Zeuglodon 
Squamipinnos, characters of, i. 11 
Squutiuii, lietirfc of, i. 474 
skull, i. 76-78, 81, 82 
vertebral column, i. 33, 36 
Squatinidie, characters of, i. 15 
Stpiirre), alimentary canal of, iii. 421 
cfecum, iii. 424 

S(iuirrel, elimhiitg, bones of, ii. 383 
Sipiirrel, Hying, bones of, ii. 381 
Stellio, alinientMry»canjii of, i. 445 
larynx, i. 529 

iSlenops gracilis, larynx of, iii. 597 

organs of generation, ina]i‘, iii. 672 
osseous system, ii. 512, 512 
teeth, iii. 314 

Stenops javaiilcLis. eiecum (»f, iii. 431 
Stenops tardigradu.s (Loris, •"’?/»?.), iirterli'S 
of, iii. 515 
caecum, iii. 431 

organs of geueration, female, iii. 701, 
702 

salivary glands, iii. 405 
tongue, iii. 195 

Stenorhvnchus Icplonvx, vertebral column 
of, 495 

iStcnorhvuehus serridens, teeth of, iii. 330, 
^37, 369 

Vertebral column, ii. 489, 495 
Sterna, cliaraeters of, ii. 9 

scapular arcli and limbs, ii. 70 
Sterrink, bones of, ii. 495 
Stoat, bones of. ii. 501 
Strepsirliina. aSjc Lemuridfc 
Strep! ospondylus, characters of, i. 17 
development of vertebrte, i. 34 
vertebral column, i, 69 
Strigidie, air-cells of, ii. 211 
alimentary canal, ii. 171 
kidneys, ii. 227 
organ of hearing, ii. 131 
organ of sight, ii. 139-111, 113 
osseous system, ii. 27, 19 
Strigops, osseous system of, ii. 28 

dorsal vertebne and steruuin, ii. 28 
skull, ii. 58 

8trix praticola, osseous system of, ii. 28 
Stromateus, characters of. i. xxxii 
Stromateus fiatola, alimentary canal of, i. 4 1 5 
changes with growth, i. 612 
Struthio, characters of, ii. 6. 12, 13 
adrenals, ii. 229 
air-cells, ii. 211, 215 
nir-passagcs, ii. 219 
alimentary canal, ii. 158, 161, 167, 
169, 170, 171, 173 
bloal, ii. LSI 

generative systom, ii. 242, 215, 251. 
256, 257 ‘ 
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Strut hio—crt?i fin vcd, 
heart, ii. J8o 
liver, ii. 177 

muscles, ii.OC, 98. 101, 102, 103, 104, 
113 ' 

organ of sight, ii. 139, 140 
osseous sysfeni, ii. 10, 18, 21, 22, 24, 
29, 33, 35,43-51, 63, 54,64, 73, 80, 
81, 83 

tegumentai'y system, ii. 235 
veins, ii. 206 ^ 

Strix flummea, characters of, i. 25 
alimentary canal, ii. ^71 
osseous sy.steni, Li. 28 
tegumentary system, ii. 232 
Sturgeon, tlermal bony plates of, i. 216 
locomotion, i. 252 
velocity of, i. 255 
Sturionidsp, cliaractcrs of, i, 13 
gills, i. 478 ^ 
iocomotifui, i. 216 
vertebral column, i. 41 
Sturnus, characters of, ii. 10 
eggs, ii. 257 

Siiburshhe, limb-bones of, ii, 509 
> urinary system, iii. 608 
Subursns ornatus, limb-boiios of, ii. 508 
Subursus Ihibetanus, ormiius of taste of, iii. 
197 

Sudis (*v/w. Arapaima) gigns, locomotion of, 
i ’. 217 

organ of hearing, i. 372 
.skull, i. 118, 120, 123 
vertebral column, i. 41 
Suida?, lungs of, iii. 583 
organ of taste, iii. 203 
pro.«cncepli!ilon, iii. 122 
skull, ii. 169 ^ 

Silk, alimentary canal 157, 161 
scapular arch and limbs, ii, 71 
skull, ii. 54 
sternum, ii. 23 
tongue, ii. 130 

Siipra-spinatus miis<rle in Aves, ii, 95 
Surnia iilula, scapular arch ami limbs of, 
ii. 67 

Sus babyroiLssa, spleen of, iii. 501 
Rus lan'alus, skull of, ii. 469, 470 
Su.s scrofa, characters of, ii. 286 
alimentary canal, iii. 465 
arteries, iii. 647 
limb-bones, ii. 480, 481 
liver, iii. 479 
mouth, iii. 391, 392 
nen'es, iii. 172, 174 
organ of hearing, iii. 2.32 
otgan of sight, iii. 2l3 
organ of smell, iii. 213 
organ of taste, iii. 1 95 
prosencephalon, iii. 123 
salivary glands, iii. 403 
. skull, ii. 467, 469 
symptithetic system, iii. 181 


TAP 

Rus ^CTXiitL’^cmiimied, 

teeth, iii. 340, 343, 344, 345 
tusks, iii. 344 • 

vertebral column, ii. 458 
Sweat-glands, iii. 613 
Swimming, iii. 65 
Sword-fish, locomotion of, i. 255 
Sympathetic, or ganglionic .sy.stcm, i. 2C7 
Synaptura, clmracters of, i. xxxiii. 
Synhranchidffi, chHracter.s of, i. 10 
Synhranchus, gills of, i. 478, 482, 186 
skull, i. 96 

Syngnkhidae, characters of, i. 12 
Syngnathus, alimentary canal of, i. 421 
dermoskeleton, i. 195 
male organs of generation of, i. 569, 
573 

vcrtehral column, i. 39 
RyngnHthu.s aciis, fecuud.vtion of, i. 613 
Synguathiis aphiodon, fecundntion of, i. 61 1 
iSyiiodontis, organ of sight of, i. 335 
skull, i. 108 

Syrniiim, blood of, ii. 181 
liver, ii. 175 

Ryrrhaptes, osseous system of, li. 27, 49 


fPACIIYDItOAlUS, locomotion of, i. 26.3 
X teeth, i. 401 

pelvic liml)S, ii. 82 
Tachypeles, clniracters of, ii. 9 

os.seous system, ii. 21, 23, 31, 63^ 67, 
68, 70- 72, 75 

Tamioidei, characters of, i. 11 
Tahitian, skull of, ii. 506 
; Tulpa cieca, organ of .sight Wiantlng in, iii. 
! 21 6 

i Talpu europea, characters of, ii. 297 
adrenals, iii. 570 
I alimentary can,al, iii. 428 

j development, iii. 729 

I hair, iii. 620 

heart, iii. 520 
! lungs, iii. 577 

i mammary gland.s, iii. 776 

mesencejdialon, iii. 98 
i muscles, iii. 17 

j nerves, iii. 147, 152 

I organ.s of generation, mule, iii. 656 
i ^ female, iii. 68x8 

j organ of sight, absent in, iii. 246 

I skull, ii. 389, 390 

spleen, iii. 560 
teeth, iii. 301, 303, 301, 309 
vertebral column, ii. 380 
Talpidm, characters of, ii. 296 
mesencephalon, iii. 98 
nerves, iii. 152 
teeth, iii. 304, 310 
Tantalus, skull of, ii. 57 
Tanystopheus, Tertebral colnmn of, i. 53 • 
Tapirus, characters of, ii. 283, 285, 296 
arteries, iii. 534 
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TAP 

Tapirus ampricanus, ulimentary canal of, 
iii. 468, 464 
development, iii. 736 
heart/, iii. 622 
habitat, iii, 794 
larynx, iii. 693 
hings, iii. 681 
limb-boncsf ii. 466 
mouth, iii. 391 

organa of generation, male, iii. 664 
female, iii. 694 
organ of hearing, iii. 232, 233 
organs of sight, iii. 251 
organs of smell, iii. 211 
skull, ii. 449 
teeth, iii. 343, 357 
urinary system, iii. 606 
vertoljral column, ii. 411 
Tapirus nialayanus, alimentary canal of, 
iii. 468 

organ.s of generation, male, iii. 664 
verlolmil column, ii. 448 
T.'irsipca, teeth of, iii. 266, 289 
Tarsius spectrum, alimontary canal of, iii. 
431 

lungs, iii. 682 

organs of gcneratioi, male, iii. 672 
muscles, iii. 63 

os.scous system, ii. 612, 528, 542 
teeth, iii. 314 

Taxidcii labrndorca, mammary glands of, 
iii. 780 
teeth, iii. 333 

Teeth ; dental tissues, i, 369 
dentine, i. 359 
cement, i, 359, 360 
enamel, i. 359, 360 
chemical composition, i. 362 
Togumentary system. See Aves ; Mam- 
inalia; Pisces; Reptilia 
Tojus nigropunetatus, skull of, i. 156, 168 
teotli, i. 388 

Teleology {s^n, final purpose), i. vi, xxv ; 
iii. 787 

Tcleosaurus, characters of, i. 1 7 
d<?rmoskeleton, i. 198 
Teleostci, i. 248 
Teleostomi, characters of, i. 7 

female organs of gcm;rivtion, i. 672 
Tonuirostros, characters of, ii. 147 
beak, ii. 147 

Terrapenes, characters of, i. 17 
Testudo, characters of, i. 17 
liver, i. 461 
myeloncephalon, i. 292 
organ of hearing, i. 344 
pectoral limb, i. 174 
pelvic arch and limb, i. 186 
skull, i. 167 
t/ceth, i. 386 

0 teguments, i. 568, 550, 560 
vertebral column, i. 61, 64 
Te.studo Couei, larynx of, i, 529 


THY 

Tcstwlo elephant opus, larynx of, i. 629 
liver, i. 452 
skull, i. 88 

vertebral column, i. 65 
Testudo gneca, absorbents of, i. 459 
alimentary canal, i. 445 
heart, i. 500 
larynx, i. 529 
liver, i. 452 
nerves, i. 31 3, 314 
organ of sight, i. 340 
oviflation, ii. 592 
pelvic archtind limb, i. 188 
Testudo indica, alimentary canal of, i. 446 
organs of toucii, i. 327 
scent-gland, i. 562 

Testudo polyphenms, alinuMit.ary canal of, 
i. 446 

absorbents, i. 526 
liver, i. 450 
pancreas, i. 454 

Testudo tabulai.a, alimentary canal of, i. 44t5 
kidneys, i. 5 H 
larynx, i. 621) 

pelvic arcli Mud limb, i. 187 
Tctraceros. S(‘.e Antilopo (juadricoriiis 
Tetragonurus, aliment ary canal of, i. 4f5 
Tetrao, osseous system of, ii. 27. 67, 66 
Tetmo urogallus, generative system of, ii. 
267 

organ of taste, ii. 120 
skull, ii. 57 

Tetrodrodon, air-bladder of, i. 491 
alimentary canal, i. 415 
development of vertebrm, i. 41, 42, 43 
electric organs, i. 350 
gills, i. 481 

inyelcncepbalou, i. 272 
skull, i. 83 * 

Tetronyx, skull of, i. 130, 131 
Thalassidroma, st('rnum of, ii. 21 
Thalassorhimis, alimentary canal of, i. 422 
Thalicynus, alimentary canal of, iii. 420 
mammary glands, iii. 774 
organ of smell, iii. 208 
prosencephalon, iii. 104, 105 
skull, ii . 342 
teefli, iii. 285, 286 
vertebral column, iii. 343 
Thamnophilus, lower larynx of, ii. 224 
Thaumatogeny, iii. 814 
Thcrimorpha {s^t/7L Anoura), characters of, 
i. 15 

development, i. 629 
respiratory actions of, i. 532 
Theutididm, characters of, i. II 
Thylacoleo, dontitioii of, iii. 790 
skull, ii. 343, 350 
teeth, iii. 293, 294 

Thylacotherium Amphitherium), cha- 
racters of, i. x\xi 
teeth, iii. 287, 294, 302 
Thymalliis, vertebral column of, i. 13 
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Thynmis viilgjiris, Jirtorios of, i. 498 
fiikull, i, 107 
ti^giimeTits, i. 648 
veins, i. 468 

vertebral colnmu, i. .'tS, 43 
Thvrsites. changes accompanying f»gc in, i. 
612 

Tiger, sknll of, ii. 605 
Tiiiqua soincobies, dernioskeleton of, i. 198 
larynx, i. 527 

male organs of generation of, i. 680 
Tinamus, osseous system of, ii. 1(1, 32, 34. 

36, 49, 53, (>5 * 

Tinea, arteries of, i. 488 
(levclopineiit, i. 60;^ 
nerves, i. 297 
teeth, i. 370 

Toad, locomotion of, i. 262, 263 
Todiis, dorsal vertebrae and steinum of, ii, 
28 

Torpedinida?, charncters of, i. 13 
Torpedo G alvanii . aliment ary ca nal of, i. 41 6 
electric organs, i. 213, 350 
luart, i. 474 
nerves, i. 273 

Tori^ilo mnree, muscles of, i. 213 
organ of toucli. i. 325 
semination, i. 500, 591 
Torpctlo marmorata, ovulation in, i. 593 
Tortoise, brain of, i. 290, 295 
characters of, i. 1 7 
Tortrix, teeth of, i. 395 
Totanus, sternum of, ii. 26 
'’J’otipnlmaUe, characters of, ii. 9 
I'oxodon, teeth of, iii. 293 
Tracliinus draco, myeleueephalon of, i. 283 
Trachvptcriis, alimentary canal of, i, 417 
air-bladder, i. 493 
Tracliysaiirus, teguments ^f, i. 556 
Tragnlns, development of, iii. 737 
limb-bones, ii, 483 
organs of geiKM’ation, fmialo, iii. 696 
osseous syst.i'm, ii. 298 
prosencephalon, iii. Il l, 120, 121, 122, 
123 

skull, ii. 471 , 472 
teeth, iii. 351 

Tragiilus javaniciilus, limb-bones of, ii. 484 
Tragiilns kancliil, alimentary eanal of, iii, 
467 

blood, iii. 616 
limb-bones, ii. 480 
liver, iii. 481 

Tragulus napu, limb-bones of, li. 486 
Tragulua pigmous, brain of, iii. J43 
Tribonolonotus, thyroid body (if, i. 666 
Trichechu.s rosmarus, characters of, ii. 289 
heart, iii. 624 
limb-bones, ii. 507 
mammary glands, iii. 780 
skull, ii. 498 
teeth, iii. 338 
vertebral column, ii. 490 


TRO 

Trichiums, characters of, i. xxxiit 
teeth, i. 370 

Trichodon, teeth of, i. 377 
Trichogastcr, organ of touch of, i. 326 
Trigeminal nerve, Fishes, i. 302 
Trigla, alimentary canal of, i. 421 
inyclencephnlon, i. 271, 284 
nerves, i. 298 
organ of touch, i. 326 
Trigla cuculus, air-bladder of, i. 491 
Trigla hiriindo, air-bladder of, i. 491, 497 
Trigla Lyra, gills of, i. 478 
liv(‘r, i. 426 " 

male organs of g(>neration, i. 669 
I pyloric appendages and pancreas, i. 430 
I skull, i. 101 

I TrigoncKiepliahis, teeth of, i. 398 
I tegument, i. 665 

\ Tringa, sternum of, ii. 26 
; Trionyx, characters of, i. 17 
! fcciiiulation, i. 616 

i female organs of generation, i. 583 

i kidneys, i. 641 

I liv(T, i. 448 

I lungs, i. 626 

! organ of sight, i. 331 

organ of tasU', i. 327 
pelvi(’ nrch ;nid limb, i. 186, 187, 18!) 
respiratory actions, i. 630 
skull, i. 131, 134 
tt>(;th, i. 385 
teguments, i. 567 

! vertebral column, i. 61, 62, 63 
! Triton, characters of, i, 16 
alimentary canal, i. 434 
arteries, i. 518 
development, i. 62.5- 628 
' fecundation, i. 614 

j gilJ.s, i. 513, 514 

i heart, i. 507 

j kidneys, i. 538 

j lungs, i. 521 

j mycUmcephalon, i. 290 

i organ of sight, i. 337 

j repnxliiciblc parts, i. 566 

semination, i. 591 
; veins, i. 502 

vertel»ral column, i. 48 
i Triton cristatus, development of, 629 
I f«-'cundation, i. 616 

i oviposit ion, i. 616 

^ Triton marmoralus, reproducible parts in, 
i i. 666 

j Triton tamiatus, male organs of generation 
of, i. 578 

; Trochilidjr, charaet.tT.s of, ii. 11 
; beak, ii. 147 

i muscles of the wing.s, ii. 96 

j myelencephalon, ii. 117 

j osseous sy-st-em, ii. 21 

I dorsal vertebne and .sloriiiDi, ii- 

21,28 

scapnlnr arch and limbs, ii. 7 1 
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TRO 

Troehihw, o« 0 eouB system, ii. 22 

dorsal vertebrm and sternum, il. 

22 

sacral vertebrae and tail, ii. 32 
skull, ii. 59 

scapular arch and limbs, ii. 66 . 
pelvic limbs, ii. 81 
tongue, ii. 151 

Troglodytes, characters of, i. xxxii, xxxv 
Troglodytes, eggs of, ii. 257 
l^poglodytes Gorilla, characters of, i. xix, 
XXXV ; ii. 291 
alimentary canal, iii. 434 
brain, iii. 144 
locomotion, iii. 71 
lungs, iii. 582 
mouth, iii. 393 
muscular system, iii. 54-59 
nervous system, iii. 127 

prosencephalon, iii. 127, 138 
organ of hearing, iii. 236 
oi’gan of smell, iii. 216 
.skeleton, ii. 523, 536-538, 546-553, 
572 ; iii. 522 
teetii, iii. 317-322 
voice, iii. 601 

Troglodytes niger, charactos of, i. xxxii; 
ij. 273 

alirnenta^ canal, iii. 434 
larynx, iii. 600 
lungs, iii. 582 

male organs of generation, iii. 673 
muscles, iii. 52 
organ of hearing, iii. 236 
prosencephalon, iii. 127, 130, 131 
skeleton, ii. 521, 522 
skull, ii. 535, 545 
teeth, iii. 317, 321 
TrogonidiP, characters of, ii, 11 
Tropidolepis, teeth of, i. 403 
Tropidurus, teguments of, i. 556 
Trygon, denno.skolcton of, i, 194 
heart., i. 474 

Trygonid®, characters of, i, 13 
Tupaia {syn, Glysorex, Gladobates), ali- 
mentary canal of, iii. 427, 428 
female organs of generation, iii. 689 
organ of taste, iii. 192 
Uoth, iii. 307 

Tupinambis teguoxin, teeth of, i. 401 
Turacus, osseous system, ii. 32 
Turdus musicus, characters of, ii. 11 
development of feathers, ii. 237 
generative system, ii. 247 
Turdus pilaris, tongue of, ii. 153 
Turtle, brain of, i. 290, 291, 295 
characters of, i. 17 
Turtle, mud, characters of, i. 17 
Tusks of hog, iii. 344 
walrus, iii. 338 
« el^hant, iii. 359 
lyphlops, organ of hearing of, i. 348 
lyranuus, tegumentary organs of, ii. 233 
VOL. III. 


VAN 

TTNGUICULATA, chai'acters of, ii. 288 
U prosencephalon, iii. 128 
skeleton, ii. 128 

Ungulata, characters of, i. xxviii-xxx ; ii. 
280-286, 295, 296 
development, iii. 732 
heart, lii. 522 
limb-bones, ii. 487 
mammary glands, iii. 778 
muscular system, iii. 1 
organs of touch, iii. 188 
{)eciuiar glands, iii. 638 
prosencephalbn, iii. 128 
spines, iii. 623 
teeth, iii. 340 • 

A. homologies of the parts of the 
grinding surface, iii. 340 

B. Artiodactyla, iii. 343 

C. Perissodactyla, iii. 352 

D. Proboscidia, iii. 359 
veins, iii. 555 

Upeneus, liver of, i. 427 
nerves, i. 306 
skrill, i. 120 

tTpcroleia, teeth of, i. 392 
teguments, i. 552 
Upupa, pancreas of, ii. 178 
scont-follicles, ii, 230 
Uranoscopus, organ of sight of, i. 331 
organ of touch, i. 326 
skull, i. 119 

Uria, osseous system of, ii. 19, 25, 31, 34, 
36, 57, 82, 83 

external sexual characters, ii, 257 
Urinary system of Aves, ii. 226 
Fishes, i. 533 
Reptiles, i. 637 
Mammalia, iii. 604 
Urodela. See Ichthyomorplia 
Ursida?, bones of the limbs of, ii. 508 
mammary glands, iii. 780 
skull, ii. 499 

vertebral column, ii. 490, 494 
Ursus americanuB, development of, iii. 745 
Ursus arctos, larynx of, iii. 596 

organs of generation, male, iii. 669 
organ of hearing, iii. 234 
prosencephalon, iii. 118 
skull, ii. 499 
teeth, iii. 329, 335, 371 
Ursus ferox, brain of, iii. 143 
skull, ii. 500 

Ursus hibiatiis, vertebral column of, ii. 
490 

Ursus maritimua, female organs of genera - 
^ tion of, iii. 699 
hair, iii. 618 
skull, ii. 500 
vertebral column, ii. 490 


V AGINA, human, iii. 708 

Vanelliis, skull of, ii. 49, 68 

3 N 
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Yanga, beak of, ii. 146 
Varanus bivittatus, teeth of, i. 404 
Varanus niloticus, organ of sight of, i« 339 
pectoral limb, i. 174 
pelvic arch and limb, i. 190, 191 
akull, i. 155 
teeth, i. 386, 404 

Varanus variegatus, teeth of, i. 404 
Varanus, vertebral column of, i. 68 
Vegetative repetition. See IrrelatiTO pepo- 
titioii ^ 

Vertebra, type segment or, i. 27 
Vertebrates, characters of^i. 1 

developmental characters, i, 3 
Piscine modification, i. 4 
Reptilian modification, i. 5 
Avian modification, i. 6 
Mammalian modification, i. 6 
genetic and thermal distinction, i.6 
orders of Hminatociya, i, 7 
osseous system, i. 19 

classes of bone, i, 20 
eoTTiposition, i. 10 
development, i. 21 
growth, i. 23 

sub-classes of Hamatociya, or cold- 
blooded VertebKites, i. 7 
Vespertilio, hybernation of, ii. 4 
muscles, iii. 4 
organ of hearing, iii. 229 
skull, ii. 387 
spleen, iii. 562 

Vespertilio emarginatus, development of, 
iii. 730 ; 

Vespertilia mhrinus, bones of the limbs of, 
ii. 392 

alimentary canal, iii. 429 
organ of ta.ste, iii. 1^2 
teeth, iii. 310 

Vespertilio noctula, development of, iii. 730, 
731 

inyelon, iii. 74 
organ of hearing, iii, 74 
Vespeililio scrotinns, male oigans of gene- 
ration of, iii. 657 
Vinago, characters of, ii. 10 
Vipera (Echidna) arietans, lungs of, i. 624 
Vipera berus, female organs of generation, 
i. 586 

development, i. 636, 637 
organ of sight, i. 338 
p)ison-glands, i. 563 
teeth, i. 397 

Vipera cerastes, ovulation in, i. 592 
teguments, i. 554 
Viperida^S^ngs of, i. 524 

i- 61 ^ 

Vitalfi^e in Reptiles, i. 316 
Vivemi civetta, anal glands of, iii. 637 
female oigans of generation, iii. 700 
Jimb-boncs, it. 509 
skulJ, ii, 502 
vertebral column, ii. 492 


Viverra genetta, anal glands of, iii. 687 
limb-bones, ii. 510 
mammary glands, iii. 780 
Viverra zibetta, male organs Of generation 
of, iii. 670 

Viverridie, teeth of, iii. 830 
Vocal organ in Aves, ii. 221-223 
Voice in Mammalia, iii. 583 
Vole, musk, skull of, ii. 375 
Vole, water, osseous system of, ii* 381 
Volitores, characters of, ii. 10 
alimentary canal of, iii. 421 
pelvis, ii. 32 
sternum, ii. 28 

Vomer, characters of, i. xlxiii. 

Vulture, heart of, ii. 186 
liver, ii. 174 
organ of sight, ii. 139 
0 .SSC 011 S system, ii. 19, 68, 69 
scout-follicles, ii, 230 
spleen, ii. 230 


ALRUS, bones of, ii. 490, et , 
teeth, iii. 338 
tusks, iii. 388 
Weasel, teeth of, iii. 333 
bones, ii. 601 

Whale, skeleton of, ii. 280 
bones, ii. 415 
brain, iii. 119 
Wings of Aves, ii. 94 
Wolf, bones of, ii. 492, et »eq. 
Wombat, brain of, iii, 104, 106 
osseous system, ii, 330 


X ENODERMUS, teguments of, i, 554 
Xiphodou, characters of, ii, 286 
Xiphosurus velifer, dermoskeleton of, i. 
198 

Xipliias, alimentary canal of, i. 420 
gills, i. 479 
liver, i. 427 
locomotion, i. 252 
organ of sight, i. 332, 334 
pelvic arch and limb, i. 179 
skull, i. 107, 118; ii. 64 
vertebral column, i. 38 


Z EBRA. See Equus zebra 

Zcuglodon fikj[ua]odoii), skeleto 
of, ii. 424 

teeth, iii. 266, 284, 369 
Zeus, gills of, i. 480 
skull, i. 1 10 

Ziphius, limb-bones of, ii. 427, 428 « 

teeth, iii. 265 
vertebral column, ii. 419 




GENfiHAL IKDKX. 


ZOk 

Zoans6s» fecundation of, 600 

female organs of generation of, i. 574 
teguments, i. 646 
Zonosaurus, teguments of, i. 665 
Zonums, torments of, 666 
Zootoka, characters of, h 6 ; ii. 266 
Zootoca muralis, female organs of genera- 
tion of, i. 683, 587 
ovulation, i. 699 


ZYG 

Zygfena, alimentary canal of, i. 423 
development, i. 609 
liver, i. 426, 427 
organs of sight, i. 336 
skull, i. 81 

vertebral column, i. 36 
Zygaenidffi, characters of, i. 13 
organs of sight, i. 336 


THE END. 
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General Roader, 12.v. VoL. 11. Exodus^ 15s. 
or ada])led for the General Reader, 12s. 
VoL. III. Lei'Utrus., Paut I. los. or adapted 
for the Gencial Reader, 8.%-. 

A Hebrew Grammar, with Exorcises. 
P.y the aanio. Part 1. Outlines with Exer- 
cisesi 8vo. \2s.i><i^ Key, os. Part II. JSIrr 
a^Hoiml F:»rifis mid Constructions^ I2s. 64. 

i A Latin-English Dictionary. By 
J. T. White, D.D. of Corpus Christi Col- 
lege, and J. E. Riddle, iM.A. of St. Edinuiid 
Hall, Oxford. Imp. 8vo. pp. 2,128, price 42s. 

i A New Latin-English Dictionary, 
i abridged from the larger work of fVhite and 
I Biddle (as above), by J. T. White, D.D^ 
.Joint- Author. Svo. pp. 1,048, price 18s. 

The Junior Scholar’s Latin-English 
Dictionary, abridged fiom the larger works 
of White and Hiddk (as above), by J. T. 
White, D.D. Square l2mo. pp. 662, price 
7s. 64. 

An English- Greek Lexicon, con- 
taining all the Greek Wonls used by Writers 
of good authority. By C. D. Yonob, B.A. 
Fifth Edition. 4 to, 21s. 

Mr. Yonge’s New Lexicon, En- 
glish and Greek, abridged from his larger 
work (as above). Square 12ino. 8s. 64, 



NEW WORKS PUBUSUKD bt LONGMANS and CO. 


e 

Lexicon. Corn- 
iced by H. G Liddkix, 1>.D. Deen of 
Cbriat Cliurch, and JR. Scoit, D.D. Master 
of Balliol. Fifth Edition, crown 4to. 31s. 6<f. 

A Lexicon# Greek and English, 
abridged fromLiDDKu. and S(X)TT’a Greeh- 
JSnglixh Lexietm, Eleventh Edition, square 
12mo. 7s. 6d. 

A Sanskrit-English Dictionary, 

The Sanskrit words printed both in the 
original Devanagari aud in Roman letters; 
witli References to the Best Rditions of 
San.slvrit Authors, and ;With Etymologies 
and Comparisons of Cognate W’ords chiefly 
in Greek, Latin, Gothy, and Anglo-Saxon. 
Compiled by T. Bexfky. 8vo. 52s. Cd. 


A Bictidnary of the 

French and ICnglish Langnagea. Ky Pro- 
fessor Leox CoNtANSEAir, many years 
French Examiner for Military and Civil 
Appointments, &c. 12th Edition, carefully 
revised. Post 8Vo. 10«. 6<i. 

ContanseaiPs Pocket Dictionary, 

French and English, abridged from the 
above by the Author. New EditiomdSnio 
price 3s. 6d. 

New Practical Dictionary of the 

German Language; Germau-English, and 
Euglish-German. By the Rev. AV^ L. 
^ B.L.^CKLBr, M.A., and Dr. CAitt. MAim>: 
Fkiedlanoek. Post 8vo. 7s. Gd. 


Miscellaneous Works and Popular Metaphysics. 


Lessons of Middle Age, v ith some 

Account of,, the Various Cities and Men. 
3iy A K. H. B. Author of ^ The Recreations 
o<' a Country Parson.* Post fivo. 9s. 
Becreatlohs of a Country Parson. 
By A K. H. B. Skcond Sjcuies. Crown 
3s. 6dl 

The ' Commonplace Philosoplier in 
Town and Countfyi By the same Author, 
Crown 8vo. 3«. 6rf. 

Leisure Hours in Town ; Essays Consola- 
tory, iEsthetical, Moral, Social, and Do- 
mestic. By the same. Crown 8vo. 3s. 6d. 
The Autuziin Holidays of a Country 
Parson. By the same. Crown 8vo. 3«. Gd. 
The Graver Thoughts of a Country 
Parson, Sbcond Seeues. By the same. 
Crown 8vo, 3». 6d. 

Critical Essays of a Country Parson, 
selected from Essays contributed to fVaser^s 
Magazine. By the same CrownSvo. 3^. 6ri 

Bonday Afternoons at the Parish 
Cnurch of a Scottish University City. By 
. the same. Crown 8vo. 8«. 6c/. 

Short Studies on Great Subjects. 

By Jambs Anthony Froude, M.A. late 
Fellow of Exeter College, Oxford. Second 
Edition, complete in One Volaiue. 8vo. 
price 12s. 

Studies in Parliament: a Series of 
Bket^es of Leading Politicians. By R. H. 

(Reprinted from the Pa// Mall 
^wn 8vo. 4s. 6dL 

Lard MaMulay’a MisoellaaeouB 

Writes. ^ 

LiaBAat Edition, 2 vole. Rve. Portrait, 21s. 
Pxoruc’s Edition, 1 vol. crown 8vo. 4s. 6</. 


The Rev. Sydney Smith’s Mis- 
cellaneous Works; including his Contribu- 
tions to the Kdbdmrgh Revietv, People’s 
Edition, 2 vols. crown 8vo.8s. 

Elementary Sketches of Moral Philo ’ 
sopby, delivered at the Royal Institutior. 
By the same Author. Fcp. 6s. 

The Wit and Wisdom of the Rev. 
Sydney Smith: a Selection of the most 
memorable Passages in his Writings and 
Conversation. IGmo. S.*?. 

Epigrams, Anoient and Modem ; 

Humorous, Witty, Satirical, Moral, and 
Panegyrical. Edited by Rev. J 0HN Booth, 
B.A. Cambridge. Second Edition, revi.seil 
and enlarged. Fcp, 7s. 3d. 

The Folk-Lore of the Korthern 

Counties of England and the Borders. By 
William Hendkuson. With an Appendix 
on Household Stories by the Rev. S. 
Bahino-Qouli). Crown 8vo. 9s. 6d. 

Christian Schools and Scholars; 

or, Sketches of Education from the Christian 
Era to the Council of Trent. By the Author 
of * The Three Chancellors,* &c. 2 vols, fivo. 
price 80#. 

Tho Pedigree of the English Peo- 
ple ; an Argument, Historical and Scientific, 
on tbe Ethnology of the English, By 
Thomas Nicholas, M.A, Ph.D. 8vo. 

The English and their Origin: a 
Prologue to {mth^tio English History. >By 

LukeOwdn Pike, M.A. Barrister-at-Law. 
8vo. 9#. 
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Ssaays seleoted firom CJoiitribu** 
tiomM the Edinburgh Heview, By H»;nbt 
B ooBBs. Second Edition. 8 vok fcp. 2U. 

Beason and .Faith, their Claims and 
Conflicts. By the same Author. New 
Edition, revised and extended. Crown 8yo. 

6s. 6rf. 

The Folipse of Faith; or, a Visit to a 
KeUgious Sceptic. By the same Author. 
Eleventh Edition. Fcp. 5s. 

Defence of the Fclipse of Faith, by its 
Au'thor. Third Edition. Fcp. 3s. 6ciL 
Selections from the Correspondence I 
of R. E. H. Grey.son. By the same Author, j 
Third Edition. Crown 8vo. 7s. | 

Chips from a German Workshop ; 

being Essay.s on the Science of ]?eligion, : 
and on My thob g}*, Tradiiions, and Cn!<toms. j 
By Max M i) m.bu, M. A. FelKw of All SoiiV 
College, Oxford. 2 vols, 8vo. 21.s. 

The Secret of Hegel; being the ; 
Hegelian System in Origin, Principle, Form, j 
and Matter. By James IIuxonisoN Stiu- | 
UNO. 2 vols. 8vo. 28s. 

An Inti’oduetion td Mental Phi- ' 

Uwophy, on the Inductive Method. By : 
J. D. Moukll, M.A, LL.D. 8vo. I2s. 

Elements of Psychology, containing the ^ 
Analysis of the Intel b.ctual Powers. By 
the same Author, Post 8vo. 7s. 6^/. 


The Senses and the InteU^t. 
By Albxabdbb Bain, M.A. Prof, of i^c 
in the Univ, of Aberdeen. Second Edition.’ 
8vo. 15s. 

The Emotions and the WiU, by the 
same Author. Second Edition. 8vo. 15s. 
On the Study of Character, including 
an Estimate of Phrenology. By the same 
Author, 8vo. 9s. 

Timo and Space: a Metaphysical 
Essay. By SifAnwoiiTH H. Hodgson. 
8vo. pitce 16s. 

Occasional Tlssays. By c. W, 

Hoskyxs, Author of ‘ Talpn, or the Chroni- 
cles of a Clay FarA,* &c. 16mo. 5s. 6d. 

Tho Way to Best: Results from a 
Life-search after Religious Truth, By 
R. Vaughan, D.D. Crown 8vo. 7s. Gd, 

Prom Matter to Spirit. By Sophia 
E. Die Morgan. With a Preface by Pro- 
fessor De Morgan. Podt 8vo. 8s. 6d. 

The Philosophy of Necessity; or. 
Natural Law as applicable to Mental, Moral, 
and Social Science. By Chaklks' Bray. 
Second Edition. 8vo. 9s. 

The Education of the Feelings and 
Affections. By the same Author, Third 
Edition. 8vo. 3s. 6d, 

On Force, its Mental and Moral Corre- 
lates. By Ll)e same .Vutlior, 8vo. 5s. 


Astranoiny, Meteorology, Popular Geography, 


Outlines of Astronomy. By Sir 

J. F. W. IlicRSCiiKL, Bart, M.A. Ninth 
Edition, revised ; with Plates and Woodcuts. 
8vo. 18s. 

Saturn and its System. By Rich- 

AKi) A. pROCTOic, B.A. late Scholar of St. 
John’s Coll.Camb. and King’s Coll. London. 
8vo. with 14 Plates, Hs. 

The Handbook of the Stars. By the 
same Author. Square fcp. 8vo, with 3 Maps, 
price 5s. 

Celestial Objects for Common 

Teleacopes. ByT.W. Wkbb,.M.A. F.R.A.S. 
Revised Edition, with Illustrations. 

[iViBrtr/y reofly. 

A Oeneral Dictionary of G6o- 

graphy, Descriptive, Physicai, Statistical, 
And Historical ; forming a complete 
^Gazetteer of the World. By A. 
JotiNBTON, F.R.S.E. New Edition, revised 
to July 1867. 8vo.8X#.6d. 


McCulloch’s Dictionary, Geogra- 
phical, Statistical, and Historical, of the 
various Countries, PIace.s,* and principal 
Natural Objects in the World. Revised 
Edition, with tho Statistical Information 
throughout brought up to the latest returns. 
By FRLtDiiuri K Martin. 4 vols. 8vo. with 
coloured Ma{>s, .£4 4s. 

A Manual of Geography, Physical, 
Industrial, and Political. By W. Hughes, 
F.R.G.S. Prof, of Geog. in King’s Coll, and in 
Queen’s Coll. Lend. With 6 Maps. Fcp.7s.6cf, 

The States of the River Plate: 

their Industries and Commerce, Sheep 
Farming, Sheep Breeding, Cattle Feeding, 
and Meat Preserving ; the Employment of 
Capital, Land and Stock and their Yalacs, 
Labour and its Remuneration. By Wilfrid 
Latham, Buenos Ayres. Second Edition. 
Svo. 12s. 
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Utotridi : the Past, Present, and Futare 
^;Sis Island- Kingdom ; an Historical Ac- 
cotint of tlie Svsnd wich Islands By SI asley 
II oPKWs, Hawaiian Consul-General, &c. 
Second £(Uti<)n, revised niicl continued; 
witU Portrait, Map, and 8 other Illustra- 
tions. PostBro. 12.1. 6^. 


Matmder’s Treasury of ^ Geogra- 
phy, Physical, Historical, Descriptive, ami 
Political. Kdited by W. lluoiiKa, F.R.G.S, 
With 7 Slaps and ! (> Plates. Fcp. 10«. 6d. 

Physical Geography for Schools 

and General Renders. By M. F. JIaury, 
LL.D. Fcp. with 2 Charts, 2s. Cd, 


History aiul Popular Science, 


Elementary Treatise on Pliysics, 

Experimental and Applil&d, for the use of 
Colleges and Schools. Translated and edited 
from Ganot’s * lCknI?c*nts de Physique * 
(wkh the Author's sanction) by E. Atkin- 
son, Ph.D. F.C.S. New Edition, revised 
and enlarged; with a Coloured Plate and 
620 Woodcuts. Post 8 VO. 

The Elements of Physics or 

Natural Philoswjphy. By Nkil Aunott, 
M.D. F.II.S. Physician Extraordinary to 
the Queen. ^3ixth* Edition, rewritten and 
completed, ' 2 Parts, 8vo. 

Dovers Law of Storms, con.sidcre(i in 
connexion with the ordinary Movements of 
the Atmosphere. Translated by R. II. 
tfeorr, M A. T C.D. 8vo. 10«. C<t 

Bocks Classified and Described. 

By Beuniiaui) V\>n Cdtta. An English 
Edition, by P.IL E.vavrknci: (ivith English, 
German, and French Syuonyme.s), revised 
by the Aifthor. Post Svo. li*. 

Soundlo; a Course of Eight Lectures deli- 
vered at the Royal Institution of Greit 
Britain. By Professor .John Tyndai.i., 
LL.1>. F.II.S. CroAvn 8vo. with I’ortrait 
and \^'oodcufs, Os 

i^Heat Cons;Ldered as a Mode of 

Motion. By Professor John I'vxDAT.r., 
LL.D. F.R.S. Third Edition. Crowm 8vo. 
with Woodcuts, lOs. 8d. 

light: its Influence on Li'e and Health. 
By Forbks WiNHr/)W', M.lL D C L. Oxon. 

( fion.), Fcp. Svo. 6s. 

An Essay on Dew, and several Ap- 
pearances connected with it. By ^V^ C. 
Wkli-s. Edited, with Annotatioji.s by L. 
P. Casella, F.ILA.S. and an Appendix by 
R. BrJiACifAN, F.M.S. 8vo. os. 

A Treatise on Electricity, in 
Theory and Practice. By A. De r.A Rive, 
Prof, itt the Academy of Geneva. Trans- 
late by C. V. WAi.KBtt, F.R..S. 8 vols. 
Svo. with Woodcuts, £8 ISf] 


A Preliminary Discourse on the 

i?titdy of Xutiiral [Pliilosophy. By Sir 
^JoHN FI W. Herschel. Bart, Revised 
E<lition, with Vignette Title. Fcp. 3s. 0^/. 

The Correlation of Physical 

Forces. By W. R. Grove, Q.O. V.P.R S. 
Fifth Edition, revised, and augiiienfed by a 
Discourse on Continuity. 8vo. 10s. lul, 
rho Distf'oui-se on (vnihniilij^ sepuralolv, 
price 2s. (\d 

Manual of Geology. ByS. Ha itguton, 

, M.D. F.R.S. Fellow of Trin. Coll, and Prof, ^ 
of Geol. in thCi Univ. of Dublin. Second 
Edftion, with 66 Woodcuts. Fcp. 7s. Od. 

A Guide to Geology. By J. Pmi.LiPs, 

M..\. Prof, of Geol. in the Univ. of Oxford. 
Fifth Edition. Fcp. 4s. 

A Glossary of Mineralogy. By 

H. W. Bristow, F.G.S. of the Geological 
Survey of Great Britain. With 486 Figure^-. 
Crown 8 VO. Os. 

Van Dor Hoeven’s Handbook of 

ZooLoor. Translated from the Secoiui 
Dutch Edition by the Rev. W. Ci-vkk, 
M.D. F.U.S. 2 vois. Svo. with 24 Phites of 
Figures, 60s. 

Professor Owen’s Lectures on 

the Comparative Anatomy and Physiology 
of the Invertebrate Animals " Second 
Edition, with 23.'i Woodcuts. 8vo. 2 Is. 

The Comparative Anatomy and 

Physiology of the Vertebrate Animals. By 
RiOHAKr> Owes, F.R.S. D.C.L. 3 vols. 
Svo. with up wants of 1,200 Woodcuts. 
Voiii. I, and II, price 21s. each. Vol. III. 
(completing the work) is nearly ready. 

The First Man and His Place in 

Creation, considered on the Principles of 
Common Sense from a Christian Point of 
View; with an Appendix on the Ncgry. 
By GKORag Moore, M.D. M.R.C.P.L 
l*ost 8vo. 8s. 6di 
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The! PrmutiYQ Xxihabil^tB of 
Sciiadiiiavi«; an Eai^ay on OdinparaUve 
iltliaograpliy, and a contribution to the 
, History of tlte Developemcnt of Mankind. 
Containing a description of the Implements, 
Dvrellings, Tombs, and Mode of Living of | 
the Savages in the North of Europe during | 
the Stone Age. By Svks Nilsson, Trans- j 
latcd from the Author’s MS. of the Third ; 
Edition ; with un Introduction by Sir John ; 
LunuocK. 8vo. with numerous Plates. j 
[^ Nearly ready. I 

The Lake Dwellings of Switser- | 

land and other Parts of Europe. By Dr. F. = 
Kkllku, President of the Antiquarian Asso- j 
ciation of Zurich. Translated and arranged ! 
by J. E. Lee, F.S.A. F.G.S. Author of 
‘Isca Silurum.* With several Woodcuts 
and nearly 100 Plates of Figures. Royal 
8vo. 81s. G(f. 

Homes without Hands: a Descrip- 
tion of the Habitations of Animals, classed 
according to their Principle of Construction. 
ByRev. J. G.W'ood, M.A. FX.S. With 
about 140 Vignettes on Wood (20 full size 
of page). Second Edition, 8vo. 2 It. 

Bible Animals; being an Account of the 
various Birds, Beasts, Fishes, and other 
Animals mentioned in the Holv Scriptures. 
By the Rev. J. G. Wood, M.A. F.L.S. 
Copiously Illustrated with Original Design?, 
made under the Author’s i\iperinteiidence j 
and engraved on Wood. . In course of pub- j 
lication monthly, to be completed in 20 j 
Parts, price Is. each, forming One Volume, I 
uniform with ^ Homes without Hands.* j 

The Harmonies of Nature and | 

Unity of Creation. By Dr. G. Haktwig, 
8vo. with numerous Illustrations, ]8x. 

The Sea and its Living Wonders. By j 
the same Author, Third Edition, enlarged. ! 
8 VO. with many Illustrations, 21«. j 

The Tropical World. By the same Author, i 
With 8 Chromoxylographs and* 172 Wood- | 
cuts. 8vo. 2 la 

The Polar World: a Popular Account of 1 
Nature and Man in the Arctic and Antarctic | 
Regions. By the same Author. 8vo. with I 
numerous Illustrations, y [iVear/y 

Ceylon. By Sir J, Eaiersok Tkxnent, 
K,as.LL.D. 6th Edition ; with Maps, &c. ; 
and 90 Wood Engravings 2 vols. Avo. 
£2 10s. 7 

The Wild Blephanti its Structure and 
with the Methcd of Taking and 
Traiiiiag it in Ceylon. By v the same 
Author. Fcp. with 22 W^obdeuts, ds. (kf. 


Manutd of Corals imd Sea 

By h R. Gbbbne, B.A. Edited by v, A. 
GAtiBRAXTH,M.A. and S. Hauohton, M.D. 
Fcp. with 39 Woodcuts, 5s. 

Manual of Sponges and Animalculae ; 
with a General Introduction on the Princi- 
ples of Zoology. By the same Author and 
P^itnrs. Fen with 16 Woodcuts. 2s. 

Manual of the Metalloids. By J. Afjohn, 
M.D. F.R.S. and the same Editors. 2nd 
Edition. Fcp. with 38 Woodcuts, 7s, 6d. 

A Familituv History of Birds. 

By K. Stanley, D.D, late Lord Bishop of 
Norwich. Fcp. )|ith Woodcuts, 3s. 6(i. 

Eorby and Spence’s Introduction 

to Entomology, or Elements of tlic Natural 
History of Insects. Crown 8vo. os. 

Maunder’s Treasury of Natural 

History, or Popular Dictionary of Zoology. 
Revised and corrected by T. & ConnOLD, 

I M.D. Fcp. with 900 Woodcuts, 10^. 

! The Elements of Bcic^iny for 

j Families and Schools. TenlREdition, re- 
I viaetl by I'lioMAs Mooiiip, Fcp, 

I with 154 Woodcuts, 2«. 6d. 

! The Tre^ury of Botany, or 

I Popular Dictionary of the Vegetable King- 
dom ; with which is incorporated a Glos- 
sary of Botanical Terms. Edited by 
J. Lindley, F.R.S. and T. Moore, F.L.S. 
assisted by eminent Contributors, Pp. 
1,274, with 274 Woodcuts and 20 Steel 
Plates. 2 Parts, fcp. 20s. 

The British • Mora ; comprising the 
Phamogarnous or Flowering Plants and the 
Ferns. By Sir W. J. IIookkr, K.U. and 
G. A. Walkkr-Arnoit, - LL.D. I2mo. 
with 12 Platqs, 14s. or coloured, 21s. 

The Bose Amateur's Guide. B7 ‘ 

Thomas Kivkks. New Edition. Fcp, 4s. 

Loudon’sEncyclopsedia of Plants; 

comprising the Speciiic Character, Descrji^ 
tion, Culture, History, &c. of all the Plants 
found in Great Bntain. With upwards of 
12,000 Woodcuts. 8vo.42s. 

Loudou’s Encyolopmdia of Tress 
Shrubs; containiug the Hardy Trees and 
Shrubs of Great Britain scientifically and 
popularly described. With 2,000 Woodcuts. 
SvQ, 50s. 

I Mauuder's Soientifle and Idte. 

nuy Treasury; a Popular EncyclopjsiUa of 
1 Science, Literature, and Art. New Edition, 

I thoroughly revised aiid in great part re* 
j written, with above 1,000 new articles, by 
i J. y. Johnson, Corr. M.Z.S. Fcp. 10s. 6tL 
B 
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A J)i6tjonarjr of Soionoey Xdtora^ 
and Art. Fourth Edition, re-edited 
by the late W. T. Bravdb (the Author) 
aud Georor W. Cox, M.A, 3 voU. medium 
8vo, price 63«. cloth. 


Itesays from the E^burgh and 

Quarlerfy SeviewH ; with Addresses aud 
other Pieces. By Sir J. F. W. Ukrsoiikl. 
Bart. M.A. 8vo. 18s. 


Chemisti'i/, Medicine^ Surgery, and the Allied Sciences. 


A Dictioiiary of Chemistry and 

the Allied Branches of other Sciences. By 
Quart Watts, F.CS. asfflsted by eminent 
Oontribators. 5 vols. medium 8vo. in 
course of publication tn Parts. Vou 1. 
81a. 6<i You II. 26a. VoL. III. 3l». 6d. 
and VoL. IV. 24a. are now ready. 

Handbook of Chemical Analysis, 

adhpteJ to the Unitary System of Notation. 
By F/ T. CoxiNOTON, A. F.C.S. Post 
8vo. 7a. 6 ■ 

Coningt, Tables of Qualitative 
A Accompany the above, 2s. 64. 

Chemistry, Theore- 

tical antf' Vractical. By William A, 
MnxKR. M.b. LL.D. Professor of Chemis* 
try. King’s College, London. $ vols. 8vo. 
£3. Part I. Chemical Physics. Pevised 
Edition, 15a. Part II. Inorganic Ciik- 
MiSTRT, 21a, Part III. Organic Che- 
mistry, 24a, 

A Manual of Chemistry, De- 
scriptive and Theoretical. By Wiixiam 
OnrjNG. M.B. F.R.S. Fart I. 8vo. 9a. 
Parc If. nearly reatly. 

A Course of Practical Chemistry, for the 
use of Medical Students. By the same 
Author. New Edition, with 70 new 
Woodcuts. Crown 8vo. 7a. 64. 

Zieetures on Animal Chemistry Delivered 
S't the Royal College of Physicians in 1865. 
By the same Author. Crown 8vo. 4s. 

The Toxicologist^s Guide ; a New 
Manual on Poisons, giving the Best Methods 
to be pursued for the Detection of Poisons 
By d.HoRSLEV, F.C.S. Analytical Chemist. 
Post 8vo. 3a. 64. 

The DiagnoaiBy Pathology, and 

Treatment of Diseases of Women ; Including 
tie Diagnosis of Pregnancy. By Gbailt 
M.D. &c. Second Edition, en- 
larged; with 116 Woodcut, lllttstrations. 
8vo. 2lf. 


Lectures on the Diseases of :|:n- 

fancy and Childhood. By Charles West, 
M.D. &c. 5th Edition, revised and enlarged. 
8vo, 16a. 

t!- 

Exposition of the Signs and 

Symptoms of Pregnancy : with other Papers 
on subjects connected w'ith Midwifery. By 
W. F. Montgomisry, M.A. M.D. M.Ii.l.A. 
8vo. with Illustratipns, 258. 

A System of Surgery, Theoretical 

and Practical, in Treatises by Various 
Authors. Edited by T. Holmes, M.A. 
Cantab. Assistant-Surgeon to St. George’s 
Hospital. 4 vols. 8vo. £4 ]3v. 

Vol. I. General Pathology, 2l». 

Vol.II. Local Injuries: Gun-shot Wmnid», 
Injuries of the Head, Back, Face, Neck, 
Chest, Abdomen, Pelvis, of the Upper and 
Lower Katremities, and Diseases of the 
Eye. 21s, 

Vol. III. Operative Surgery. Diseases 
of the Organs of Circulation, Locomotion, 
&C. 218. 

Vol. IV. Diseases of the Organs of 
Digestion, of the Genitc-Urioary System, 
and of the Breast, Thyroid Gland, and Skin ; 
with Appendix and General Index. SOs. 

Lectures on the Prinoiples and 

Practice of Physic. By Thomas Watson, 
M.D. Physician-Ffxtraordinary to the 
Queen. New Edition in preparation, 

Leoturett on Surgioid Pathology. 

By J. Paobt, F.R.S. Surgeon-Extraordinary 
to the Queen, Edited by W. Turner, M.B. 
New Edition in. preparation. 

A Treatise on the Continued 

Fevers of Great Britain. By C. Murchison, 
M.D. Slenior Physician to the London Fever 
Hospital. 8vo, with coloured Plates, IBs. 

Outlines of Physiology, Human 
and Comparative. By John Marsiiau- 
F,R;C.S. Professor of Surgery hi University 
College, London, end Surgeon to theU^i* 
versity College Hospital. 2 vol^ crown 8vo, 
with 122 Woodcuts, 828. 
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Anatomy* DescriptiTe and Sur* 
gical. By Hbnbt Grat, F.R.S. With 
410 Wood Engranngs from Disaections. 
Fourth Edition, by T. Holmes, M,A. Cantab. 
Royal 8vo. 28<. 

The Cyclopaodia of Ajiatomy and 

Physiology. Edited by the late R. B. Todd, 
M.D. F.H.S. Assisted by nearly all the 
most eminent cultivators of Physiological 
Science of the present age. 5 vols. 8vo. 
with 2,8dd Woodcuts, £6 Gs, 

FhysiologioaL Anatomy and Phy- 
siology of Man. By the late R. B. Todd, 
M.D. F.R.S. and W. Bowman, F.R.S. of 
King’s College. With numerous Illustra- 
tions. VoL. II. 8ro. 26«. 

VoL. I. New TMitiou by Dr. Lionel S. 
Lkalk, I'ML.S. in course of publication; 
Pakt 1. with 8 Plates, 7s. OJ. 

Histological Demonstrations; a 

Guide to tlie Microscopical Examination of 
the Animal Tissues in Health and Disease, 
for the use of tire Medical and Veterinary 
Professions. By G. Harley, M.D. F.R.S. 
Prof, in ITniv. Coll. London ; and G. T. 
Brown, M.U.C.V.S. Profc.ssor of V’eteri- 
nary Medicine, and one of the Inspecting 
Oflicers in the Cattle Plague Department 
of the Privy Council. Post 8vo. with 223 
Woodcuts, 12#. 

A Dictionary of Practical Medi- 
cine, By J, Copland, M.D, F.R.S. 
Abridged from the larger work by the 
Author, assisted by J. C. Copland, M.K.C.S. 
and throughout brought down to the pre- 
sent state of Medical Science. Pp. 1,560, 
in 8vo. price 86s. 

T/ie JFUne Arfc, and 
Half-Hour Lectures on the His- ^ 

tory and Practice of the Fine and Orna- j 
mental Arts. By W. B. Soolr. Second ! 
Edition. Crown 8vo. with 50 Woodcut | 
Illustrations, 8s. 6d ^ j 

An Introduction to the Study of | 
National Music; Comprising Researches | 
into Popular Songs, Traditions, and Cus- | 
toms. By Carl Emoel. With Frontis* 
piece and numerous Musical Illustrations. 
8vo. 16 a . V 

Lwturesonthe Histinrjrof Mod^ 

Music, delivered at the Royal Institution, j 
By John Hullah. Fiaai^Cou&ss, with 
•Chronological Tables, post 8yo. 6a 6d. 
S^Ko CoviisB, the Transition Period, 
with 26 Specimens, 8vo. 16 a. 


The Works of Sir B. C. BrcHlie* 

Bait, collected and arranged by Charles 
Hawkins, F.R.C.S.E. 3 vols. 8vo. with 
Medallion and Facsimile, 48s. 

A Manual of Materia Medica 

and Therapeutics, abridged from Dr. 
Pereira’s Elements by F. J. Farrb, M.D. 
assisted by R. Bentley, M.R.C.S. and by 
R. Warinoton, F.R.S. 1 vol. Ivo. with 
00 Woodcuts, 21a 

Thomson’s Conspectus of the 

British Pharmacopoeia. Twenty-fourth 
Edition, corrected by E. Lloyd BirEE^, 
M.D. 18mo. 5Ai|c/. 

Manual of the Domestic Practice 

of Medicine. By W. B. Krbteven, 
F.U.C.B.E. Third Edition, tboroughly 
revised, with Additions. Fop, 5a 

Sea-Air and Sea-Bathing for 

Children and Invalids. B:* William 
Strange, M.D. Fcp. 3 a f' 

The Bestoration of or, 

the Application of the Laws . V.^rgiene to 
the Recovery of Hcai^th ^ a* V for the 
Invalid, and a Guide in f^^v Sick Room. 
By W. Strange, M.D. Fcp. 6 a 

Gymnasts and Gymnastics. By 
,IonN IL lIowARo, laic Proftssor of Gym- 
nnstios, Comm. Coll. Ripponden. Second 
Edition, revised and enlarged, with various 
Selections from the best Authors, containing 
445 Exercises; and illiistruted with 135 
Woodcuts, incliuling the most Recent Im- 
provements in the dillerent Apparatus now 
used in the various Clubs, iScc. Crown 8vo. 
10a 6</, 


Illustrated Editions. 

The Chorale Book for England ; 

a complete Ilymn-Book in accordance witli 
the Services and Festivals of the Churc^f 
England ; the Hymns translated by MiaiC. 
WiKKW^ORTii ; the Tunes arranged by Prof. 
W. S. Bennett and Otto GoiiPSCHMiDT, 
Fcp. 4to. 12a Gd, 

Congregational Edition. Fepi, 2#. 

Six Lectures ou Harmony. De- 
livered at the Koval Institution of Great 
Britain before ICaater 1867. By G. A. 
Macfarren. 8vo. 10a Gd, 

Sacred Music for Family Dae ; 

A Selection of Pieces for One, Two, or more 
Voices, from the best Composers, Foreign 
and English. Edited by John Hullah. 
1 vol. music folio, 21a 
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19^ XTSW ^QStaittent, Ulus^nited witli 
Wood Engrayings alter the Early Masters, 
chiefly of the Italian School. Crown 4to. 
$8s. cloth, gilt top ; or £5 5«. morocco. 

Lyra Germanioa, the Christian Year. 
Translated by Cathekinb AVuckwobth; 
with 126 Illustrations on Wood drawn by 
J. laciGHTOM, F.S.A. (iuarto, 21s. 

Lyra Germanica. the Christian Life. 
Translated by Catiii;iiink Winkwoktii; 
with about 200 Woodcut lUustraJioiia by 
J. Leightox, F.S..\. and other Artists. 
Quarto, 2Is. * 

The Life of Man STmbolised by 

the Months of tlie Year in their Seasons 
and Phases; with Passages selected from 
Ancient and Modern Authors. By Kichabd 
PiGOT. Accompanied by a Series of 26 
full-page Illustrations and numevous Mar- 
ginal Devices, Decorative Initial Letters, 
and TaUgieces<(, engraved on Wood from 
Original 'Designs by John Leighton, 
F.S.A. (^Arto, 

Cats’ imd Farlie’s Moral Em- 

blems Adages, and Pro- 

verbs Or 'iii Nations ; comprising 121 
Illustrations on Wood by^ J. Lbigiiton, ' 
F.S.A. with an appropriate Text by j 
R. PiooT. Imperial 8vo. 31s. 6d. 


Shakspeare’8 Sentiiheiits and 

Similes printed in Black and Gold, and illu- 
minated in the Missal style by Hgnby Koei. 
Humphbbys. In massive covers, containing 
the Medallion and Cypher of Shakspeare. 
Square post 8vo. 21s. 

Sacred and Legendary Art. By 
Mrs. Jambson. With numerous Etchings 
and WiKKlcut Illustrations. (J vols. square 
crown 8vo. price £5 16a 6d. cloth, ^ or 
£12 12a bound in morocco by Itivii're. To 
be had also in cloth only, in Four Skries, 
as folIo^\'s : — 

Legends of the Saints and Martyrs. 
Fifth Edition, with 19 Etchings and 187 
Woodcuts. 2 vok square crown 8vo. 
31a G(/. 

Legends of the Monastic Orders. I'liird 
Edition, with 11 Etchings and 88 W oodcuU 
1 vol. square crown 8vo. 21 a 

; Legends of the Madonna. Tliird Edition 
with 27 Etchings and 165 Woodcuts. 1 
vol. square crown 8yo. 21s. 

The History of Our Lord, as <ixoinpUfi(:d 
in Works of Art. Comj>leled by Lady Eabt- 
EAKE. Second Edition, with 13 Etchings 
and 281 Woodcuts. 2 vols. square crown 
8vo. 42a 


Manufactures^ t?T. 


Drawing from Nature ; a Series of 
Progressive Instructions in Sketching, from 
Elementary Studies to Finished View.s, 
with Examples from Switzerland and the 
Pyrenees. By George Barnard, Pro- 
fessor of Drawing at Rugby School. With 
18 Lithographic Plates and 108 Wood En- 
gravings. Imp. 8vo. 25a or in Three Parts, 
V.»yal i$vo. 7a (m/, each. 

Gwilt’s Encyolopaodia of Archi- 
tecture. Fifth Edition, with Alterations 
and considerable Additions, by Wyatt 
Papworth. Additionally illustrated with 
nearly 400 Wood Engravings by O. 
Jbwitt, and upwards of 100 other new 
Woodcuts. 8vo. 62a 6d. 

Txmm iSknilptoirs,^^^^ Lives, 

Works, and Times. With 46 Etchings and 
28 Wood<^ from Original Drawings and 
Phologn^hs. By CiURUBfir C. Perkins. 
2 v6i& imp. 8vo. 6ds. ' 


Original Designs for Wood-Carv- 
ing, vi'ith Practical Instructions in the Art. 
By A. F. B. ^^■ith 20 I’latcs of Illustrations 
engraved on Wootl. <iuarto, 18a 

The Q-rammar of Heraldry: con- 
taining a Description of all the Principal 
Charges dsed in Armory, the Signification 
of Heraldic Terms, and the Rules to be 
observed in Blazoning and Marshalling. 
By John E. Cussans. Fcp. Aviih 106 
Woodcuts, 4s. 6d. 

Hints on Household Taste in 

Furniture and DocoraUoii. By Charles L. 
Eastlake, Architect. With numerous Illuis* 
, ;traliott8engwyed wi Wood [JVear/y ready. 

The EngiiMl^g Baiidbook;; ex- 

plaining the Principles which should guMe 
the young Engineef in the Construction of 
Machinery. ByC.S.LowNr>ES. Post8vo.6A 
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The Elements of Mechanism. 

By T. M. Goodevb, M.A. Prof, of Me- 
chanics at the R. M. Acad. Woolwich. 
Second Edition, with 217 Woodcuts. Post 
8vo. 6». Gd, 

Ure^s Dictionary of Arts, Manu- 
factures, and Mines. Sixth Edition, chiefly 
rc-Writton and greatly enlarged by Hokert 
Hunt, F.U.S., assisted by numerous Con- 
tributors eminent in Science and the xVrts 
an*d familiar with Manuiiicturcs. VVith 
2,000 Woodcuts. 3 vols. medium 3vo. 
^£4. Us. Gd. 

Treatise on Mills and Millwo^k. 
By W. Fairbairn, C.E. F.U.S. With 18 
Plates and 322 Woodcuts. 2 vols. 8vo. 32s. 

Useful Information for Engineers. By 
the same Author. Fiusr, Skconp, and 
Tjiiri> Series, with many Plates and 
Woodcuts. 3 vola. crown 8vo. 10i». Gd. each. 

The Application of Cast and Wrought 
iron to Building Purposes. By the same 
Author, Third Edition, with 6 Plates and 
J 18 Woodcuts. 8vo. 1G.>. 

Iron Ship Building, its History 

and Progress, a.s coini>ri8ed in a Series of 
Experimental lle.searcbcs on the Laws of 
Strain; the Strengths, Forms, and other 
conditions of the Material ; and an Inqum^ 
into the Prc.sent and Prospective State of 
the Navy, including the Experimental 
Results on the Resisting Powers of Armour 
Plates and Shot at High Velocitie.s. By 
W. Faii;baikn, C E. F.K.S. W ith 4 Plates 
and 130 Woodcuts, 8vo. 18*. 

Enoyclopsedia of Civil Engineer- 

ing, Historical, Theoretical, and Practical. 
By E. Crksy, C.E. With above 3,000 
Woodcuts. 8to. 42s, 

The Artisan Club’s Treatise on 

the Steam Engine, in its various Applica- 
tions to Mines, Mills, Steam Navigation, 
Railways, and Agriculture. By J. Bovrnb, 
C.E. New Edition; with 37 Plates and 
546 Woodcuts. 41)0, 42«. 

A Treatise oh the Screw Pro- 
peller, Screw Vessels, and Screw Engines, 
as adapted for purposes of Peace and War; 
with notices of other Methods of PropuUioh, 
Tables of the Dimensions ai\4 Performance 
of Screw Steamera, and DetiitSed Speciflca- 
Hions of Ships and Engines. By the same 
Anthor, Third Edition^ with 54 Plates and 
287 Woodchts. (Quarto, 63s. 


Catechism of the Steam Engihe, 

in its various Applications to Mines, Mills, 
Steam Navigation, Railways, and Agricul- 
ture. By John Boutine,C.E. New Edition, 
wdth 109 Woodcuts. Fop. Gs, 

Handbook of the Steam Engine, by the 
same Author, forming a Key to the Cate- 
chism of the Steam Engine, with 67 Wood- 
cuts. Fcp. 9ij. 

A History of the Machine- 

Wrought Hosiery and Lace Manufactures. 
By William Felkin, F.L.S. F.S.S. With 
3 Steel Plates,* 10 Lithographic Plates- of 
M5ichiriery, and 10 Colpure<l I mpressions of 
Patterns of Lace. ' Royal 8vo. 

Manual of Practical Assaying, 

for the use of iMetallurgists, Captains of 
Mines, and Assayers in general; with 
copious Tables for A»:cei‘laining in Assays 
of Cold mill Silver tlie precise airount in 
Ounces, Pennyweights, and OraiiLs of Noble 
Metal crnl'tined in One Ton of Ore from a 
Given (Judiitity. By John ^Iitcubll, 
F.C.S. 8vo. -with 300 \V''oodcuts, 21s. 

The Art of Perfumery ; the History 
and Thoory of Odours, and the Methods of 
Extracting the Aromas of Plants. By 
Dr. ITbssk, F.C.S. Tliird Edition, with 
53 Woodci^ts. Crown 8vo. 10s. Gd. 

Chemical, NT atiiral, and Physical Magic, 
for Juveniles during the Holidays, By the 
same Author. ' Third Edition, enlarged 
with 38 Woodcuts. Fcp, 6s. 

Loudon’s Encyclopaidia of Agri- 
culture: Comprising the Laying out, Im- 
provement, and Management of Landed 
Properly, and the Cultivation and Economy 
of the Productions of Agriculture. With 

I, 100 Woodcuts. 8 VO. 3.1.v. 6</. 

ljOudon*s Encyclopedia of Gardening : 
Comprising the Theory and Practice of 
Horticulture, Floriculture, Arboriculture, 
and Landscape Gardening. With 1,000 
Woodcuts. 8vo. 31s. Gd, 

Loudon’s Encyclopaedia of Coltiigo, Farm, 
and Villa Architecture and Furniture. With 
more than 2,000 Woodcuts. Svo. 42«. 

Qarden Architecture and Land' 

scape Gardening, illustrating the Architec- 
tural Embellishment of Gardens ; with Re- 
marks on Landscape Gardening in its rela- 
tion to Aruliitccture. By John Arthur 
Huqhes. 8vo. with 194 Woodcuts, 14*. 

Bayldon’s Art of Valuing Bents 

and Tillages, and Claims of Tenants upon 
Quitting Farms, both at Michaelmas and 
Lady-Day. Eighth Edition, revised by 

J. C. Morton. Svo. 10*. 6ci. 
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Religious and Moral Works. 


An Exposition of the 38 Articles, 

Historical and Doctrinal. By E. Hakold 
BkownKj D.D. Lord Bishop of Ely. Seventh 
Edition. Svo. 

Bxainination-Questlons on Bishop 
Browne’s Exposition of the Articles. By 
the Rev. J. Gorle, M.A. Fcp. 8si 6</. 

The Life and Beign of David 
King of Israel. By Geduge Smith, LL.D. 
F.A.S. Crovrn 8^0. lit Gri 

The Acts of the Apostles ; with a 

Commentary, and Practical and Devotional 
Suggestions f )!• Readers and Students of the 
English Bible. Bn*” the Rev. F. C. Codk, 
M.A., Canon of Exeter, &c. New Edition, 
8vo. 12s. Gt/. 

The Lil'e and Epistles of St. 

Paul. By W. J. Coxvijeakk, M.A. late 
Fellow of Trill. Coll. Cantab, and J. S. 
HowsiON, D.D. Principal of Liverpool ColL 

Library Editio.n, with all the Original 
Illuatratious, Maps, Landscapes on Steed, 
Woodcuts, &c. 2 Yols. 4 to. 48s« 
Intermediate Edition, with a Selection 
of Maps, Plates, and WoodcutsL 2 vols. 
square crow'n S^o. 31«. 6(L 
People’s Edition, revised and con- 
densed, witii 4d Illustrations aii4 Maps. 
2 vols. crown hvo. 12s. 

The Voyage and ^hipwreck of 

St. Paul ; wdih Dissertations on the Ships 
and Navigation of the Ancienta, By J ames 
Smith, F.R.S. Crown 8vo. Charts, 10s. 6rf. 

Evidence of the Truth of tho^ 

Cliristian Religion derived from the Literal 
Fultilment of Prophecy, particularly as 
Jlliistrated by the History of the Jews, i^nd 
the Discoveries of Recent Travtdlcrs. By 
^f.E.\AXDER Keith, D.D. 37tli Edition, 
with numerous Plates, in square 8vo. 

; also tlie GUth ICdition, in po.st 8vo. 
with 6 Flatcs, G#. 

The History and Destiny of the World 
and of the Cluirch, according to Scripture. 
By the same Author. Square 8vo. with 40 
Illustrations, 10s. 

Hiatoiry of Israel to the Death 

of Mdses. By Heinrich Ewald* Pro- 
fessor of the University of Gottingen 
Translated from the German. Edited, with 
^ a Preface^ by Rctsbell Martineau, M.A. 
Professor, of* Hebrew in Manchester New 
College, London. 8vo. ISs.) 


A Critical and Grammatical Com- 
mentary on St, PauFa Epistles. By C. J. 
Elucott, D.D. Lord Bishop of Gloucester 
and Bristol. 8vo. 

Galatians, Third Edition, 8a. Cd. 

Ephesians, Fourth Edition, 8s. 6d. 

Pastoral Epistles, Third Edition, 10s. id, 
Philippians, Colossians, and Philemon, 
Third Edition, Klj;. Gd. 

Thessalonians, Third Edition, Is. 6d. 

Historical Lectures on the' Life oi 

Our I.ord JeSus Christ: being the Hiilsean 
Lecture.^ for 185(1. By the same Autlior. 
Fourth Edition. 8vo. l0«. Cd. 

The Destiny of the Creature ; and other 
Sermons preached before the University of 
Cambridge. By the same. Po.st 8vo. 6s. 

TheGreek Testament ; withNotes, 

Grammatical and Exegctical. By the Rev. 
W. Web.stkr, M.A. and the Rev. W. F 
Wii.KiNsoN, M.A. 2 vols. 8vo. JE2 4*. 

VoL. 1. the Gospels and Acts, 20.9. 

VoL. II. the Epistles and Apocalypse, 24.«. 

An Introduction to the Study of 

the New Testament, Critical, Exegetical, 
and Tlieological. By the Rev. S. Da vidsi^n, 
D.D. LL.D. 2 vols. 8vo. [fa the press. 

Rev. T. H, Homo’s Introduction 

to the Critical Study and Knowledge of the 
Holy Scriptures. Eleventh Edition, cor- 
rected, and extended under careful Editorial 
revision. With 4 Maps and 22 Woodcuts 
and Facsimiles 4 vols. 8vo. £3 13s. 6d. 

Bov. T. H. Home’s Compendious In- 
trcKluction to the Study of the Bible, being 
an Aiialy-sis of the larger work by the same 
Author. Ke-edited by the Rev. John 
Avbe, M.A. With Maps, &c. Post8vo.9s. 

The Treasury of Bible Know- 
ledge*, being a Dictionary of the Books, 
Persons, Places, Events, and other Matters 
of which mention is made in Holy Scrip- 
^ tare; intended to establish its Authority 
and illustrate its Contents* By 
J. Ayre, M.A. With Maps, 16 Plates, and 
nomerous Woodcuts* Fcp. 10s. 

Every-da^^ Scripture Difftoultiofl 

explained and illustrated. By J. £. 
coiT, M.A. Yol. L Matthiw and Mark ; 
VoL. I L Luke and John, 2 volfc 8vo. Oa 
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The Pentateuch and Book of 

Joshua Criticall)’ Examined. By the Right 
Rev, J. W. CoLKNso, D.D. Lord Bishop of 
Natal. People’s Edition, in 1 vol. crowi 
8vo. 6s. or in 5 Parts, Is. each. 

The Church and the World: Essays 
on Questions of the Day. By various 
Writers. Edited by Rev. Oiinv Shiplrv, 
M.A. Fiust and Second Skuies. 2 vote. 
Svo. 15«. each. Third Series preparing 
for publication. 

Tracts for the Day; a Series of 
Essays on Tlicologioal Sul>jects. By various 
Authors. Indited by the llcv. Oruy Siiir- 
LKV, M.A. I. Priestly Ahsolutfon Scrip-' 
iriiilt 9tf. II. Pur^toiify IV/. 111. The Seven 
Sacraments^ ls.6r/. IV. Miracles and Prayer^ 
Of/. V, The Heal Presence^ \s. dd. VI^ Casu- 
istnjt Is. VH. Unction of the Slch^ dd. VJII. 
'The Hale of Worships 9^/. LV. Popular 
Ration alism^ 0(7. 

The Formation of Christendom. 

Part I. T. W. Allies. 8vo. 12«. 

* Christendom’s Divisions; a Philo- 
sophical Sketch of the^ Divisions of the 
Christian Family in East and West. By 
Kdmund S. Ffoulkks, formerly Fellow and 
Tutor of J esus Coll. Oxfonl Post Svo. 7s. 

Christendom’s Divisions, Part 11. 
Greeks and Latins^ being a History of their 
Dissentions and Overtures for Peace down 
to the Reformation, By the same Author. 
Post Svo. 15s. 

The Hidden Wisdom of Christ 

and the Key of Knowledge; or. History of 
the Apocrypha. By Ernest De Bunsen. 
2 vote. Svo. 28s. 

Tho Keys of St. Peter; or, the House of 
Rechab, connected with the IlisUtry cf 
, Symbolism and Idolatry, By the same 
Author. Svo. 

The Temporal Mission of the 

Holy Ghost; or, Reason and Revelation. 
By Archbishop Manning, D.I). Second 
Edition. Crown Svo. 6*. 6d. 

England and Christendom. By the same 
Author. Preceded by an Introduction on 
the Tendencies of Religion in England, and 
the Catholic Practice of Prayer for the 
Restoration of Christian Nations to the 
Unity of tho Church. Post Svo. 10s. 6d. 

Assays on Bdigion and Litera* 

I ture. Edited by Archbishop Manning, 
D.D. FinSt Sbries, 8vo. tOs. 6c/. Second 
SERiKa,14s. 


Essays and Heviews. By the Rev. 
W. Tkmplk, D.D, the Rev. B. Williams, 
B.D. tho Rev. B. PowKLi., M.A. the Rev. 
H, B. WiiAON, B.D. C. W. Goodwin, M.A. 
the Rev. M. Pattison, B.D. and tho Rev. 
B.Jowett,M.A. 12th Edition. Fcp.6«. 

Mosheim’s Ecclesiastical History. 

Murdock and Soamrs’s Translation and 
Notes, re-edited by the Rev. W. Stubbs, 
M.A. 3 vote. 8vo. 45s. 

Bishoi^ Jeremy Taylor’s Entire 

Works: With Life by Bishop IIebbb. 
Revised and corrected by the Rev. C, P. 
Eden, 10 vote. £5, 5s, v 

Passing Thoughts on Religion. 

By the Author of ‘Amy Herbert.’ New 
Edition. Fcp. 5s. 

Self-examination before Confirmation. 
By the same Author. 32mo. Is. 6f7. 

Headings for a Month Preparatory to 
Confirmation from Writers of the Early and 
English Church. By the same. Fcp. 4s. 

Headings for Every Day in Lent, com- 
piled from the Writings of Bishop Jeremy 
TATixiR. By the same. Fcp, 5s. 

Preparation for the Holy Communion ; 
the Devotions chiefly from the works of 
Jekkmt Taylor. By the same. 82mo. 3s. 

Principles of Education drawn 

from Nature and Revelation, and Applied 
to Female Education in the Upper Glasses. 
By the same. 2 vote, fcp, 12s. 6d. 

The Wife’s Manual; or, Prayers, 
Thoughts, and Songs on Several Occasions 
of a Matron’s Life, By the Rev. W. Cal- 
vert, M.A. Crown Svo. 10s. 6d. 

Lyra Domestica ; Christian Songs for 
Domestic Edification. Translated firom the 
Psaltery and Harp of C. J. P. SpiTTA, and 
from other sources, by Richard Mabsib. 
First and Second Series, fcp. 4s. fid. each. 

* Spiritual Songs ’ for the Sundf^ 

and Floiida3*3 throughout the Year, By 
J. S. B. MON.SELT., LL.D. Vicar of Egham 
and Rural Dean. Sixth Thousand. Fcp, 
price 4.S. 6d. 

The Beatitudes: Abasement before Qod: 
Sorrow for Sin ; Meekness of Spirit; Desire 
for Holiness; Gentleness; Purity of Heart; 
the Peace-makers; Suflerings for Christ. 
By the same Author. Third Edition, re- 
vised. Fcp. 3s. fid. 

His Presence not his Memory, 1855. 
I By the same Author, in memory of bis Son. 
! Fifth Edition. 16mo. Is. 
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Ifjr gfl. Oermanicaf translatod from the 
Oerman by Miss C. Wibkwobth* Fibst 
JUmiBs, S^ns for the Sundays and Chief 

rr^^vals; Second Sebies, the Ch^stian 
Fcp, 3«. Cd. each SERiKa 

Hymixs l^om Xiyra Qermanica, i8nio.ls. 

Lyra Eucharistica ; Hymns and 
Verses on the Holy Communion, Ancient 
and Moilern i with other Poems. Edited by 
the Bev. Okby Shipley, M.A. Second 
Edition. Fcp. 7s. Sd. * 

• 

Iiyra Messianioa ; .^Hymns and Verses on 
the Life of Christ, Ancient and Modern ; 
with other Poems. Hy the same Editor. 
Second Edition, enlarged. Fcp. 7s. 6d. 

Iiyra Mystica ; Hjinns and Versos on Sacred 
Subjects, Ancient and Modern. By the 
same Editor. Fcp. 7 a. 6(1. 


Lyra Sacra ; Hymns, Ancient and 
Modem, ^es, and Fragments of Sacred 
Poetiy. Edited by the Rev, B. W. Savile, 
M.A. Third Edition, enlarged. Fcp, da 

The Catholic Doctrine of the 

Atonement ; an Historical Inquiry into Its 
Development in the Church : with an Intro- 
duction on the Principle of Theological 
Developments. By H. N. Oxenuam, M.A. 
8vo. 8tf. 6d, 

Endeavours after the Christian 
Life: DiscoiiLses. By Jahks Maktlnkau. 
Fourth and cheaper Edition, carefully re- 
vised.; the Two Series complete in One 
Volume. Post iivo. 7s. 6rf. 

Introductory Lessons on the 

History of Religious Worship ; being a 
Sequel to the ‘Lessons on Christian Evi- 
dences.* By Richaki) Wiiatisly, D.D. 
New Edition. 18mo. 2s. 6d. 


Travek, Voyages, <^’c. 


The TTorth-West Peninsula of 

Iceland; being the Jotinml of a lour in 
Ictiland in the Siimnicr of 1862. By C. W. 

V Shepherd, i^Z.S, With a Map and 
Two Illustrations. Fcp. 8vo. 7s. Cd, 

Pictures in '^yrol and Elsewhere. 

From a Family Sketch-Book, By the 
Author of <A Voyage en i^igzag,’ SiC. 
Quarto, with numerous Iiliistrati«iP, 

How we Spent the .Summer; or, 

a Voyage en Zigzag in gwitaerland and 
Tyrol with some Meihbert ofv^e Alpine 
Club. From the Sketch-Book of one of the 
Party. Third Edition, re-draw-n. In oblong 
4to. with about 300 Illustrations, los. 

Beaten Tracks ; or, Pen and Pencil 
Sketches in Italy. By the Autlmress of 
*'A Voyage en Zigzag.^ With 42 Plates, 
Staining about 200 Sketches from Draw- 
ings made on the Spot. 8vo. 16s. 

ilorenoe, the New Capital of 

Italy. By G. H. Wki-D. With sey^ral En- 
gravings on Wood, from Drawings by the 
Author. Po.st 8vo. 12s. Ctf. 

Uap of tH^C^hain of Mont Blano» 
j&om dn actual Survey in 1863—1864. By 
A* AdAks-Reillt, F.B.G.S. M.A.C* Pub- 
Ushed under the Authority of the Alpine 
Club. In Chromplithograpby on extra stout 
drawing-paper 28in. x l7in, price 10s. or 
mounted on canvas in a folding case, 12s, Sd, 


History of Discovery in our 

Australasian Colomea, Australia, Tasmania, 
and New Zealand, from the Earliest Date to 
the Present Day. By William Uowiit. 
With 3 Maps of the Recent Exploration.^ 
from Official Sources. 2 vols. 8vo. 20s. 

The Capital of the Tycoon; a 
Narrative of a 3 Years' Residence in Japan. 
By Sir KuTiiEnFORD Alcock, K.C.B. 
2 vols. 8vo. with numerous Illustrations, 42f. 

The Dolomite Mountains. Exenr- 

sions through Tyrol, Carinthia,Carniola,and 
Friuli. By J. Gilbert and G. C. Chuk- 
chi i.i., F.II.G.S. With numerous Illustra- 
tions. Square crown 8vo. 2 1«» 

ALady’sTourRoundMonteBosa; 

including Visits to the Italian Valleys. 
With Map and Illustrations. Post 8vo, 14s. 

Guide to the lienees, for the use 

of Mountaineers. By Charles Pacek. 
Alth Maps, &c. and Appendix. Fcp. 6s. 

The Alpine Guide. By John Ball, 
M.R.LA. late President of the Alpine Club, 
Post 8 VO. with Maps and other Illustrations. 
Guide to tho Eaateni Alps. [Mr(>.a(fy. 
Guide to the Western Alps, iucluding 
Mont Blanc^ Monte Rosa, Zermatt, &c. 
price 7«. Sd, 

Guide to the Oborland and all Switzer- 
land, excepting tlta: Keigbbourbopd of 
Monte Rosa and the Great St. Bernard ; 
with Lombaidy and the adjoining portioh 
of Tyrol. 7#.W. 
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The Eaglishnian in India. By 

CtiABLi^s Uaikes, J'^sq. O.S.T, formerly 
Comiuissioner of Lahore. Post 8vo. 7a. 6c/. 

The Irish in America. By John 

Fkancis Magoikk, M.P. for Cork. Post 
8vo. 12s. 6</, 

The Arch of Titus and the Spoils 

of the Temple; an Historical. and Critical 
Lecture, with Authentic Illustrations. Uy 
WiLUAAf ICxjOHT, M.A. With 10 Wood- 
cuts from Ancient Remains. 4to. lOs. 

Curiosities of London; exhibiting 
the most Rare and Remarkable Objects of 
Intercut in the Metropolis; witli nearly 
Sixty YearV Personal Recollections, lly.* 
John Tim r.s, F,.S.A. New [Kdition,^ cor- 
rected a"ul enlarged. 8vo- Portrait, 21s. 


Works of 

The Warden : a Novel. By Anthony 
Tkollofk, Crown 8vo. 2*. Od. 

Barohoster Towers: a Sequel to ‘The 
Warden.’ By the same Author. Crown 
8vo. 8s. Od. 

Stories and Talcs by the Author 

of ‘ Amy Herbert,’ uniform Edition, each 
Tale or Story complete in a single volume. 

AmyIIkkiji5kt,2«.6c/. i Katiiauine Ashton, 

Ckutuude, 2s. 6rf. I 3 s . 6(1 

Eakl’s Daughter, ' Margaret Perci- 
2s. 6(1 VAL, 6«, 

Lx PKIITKNCK OK LiFK, j LaNKTON PAltSON- 
2a. 6(1 I AGE, 4jf. 6 ( 1 . 

Cleve Hau., 3s. 6(1 i Ursula, 4s. Gd. 

Ivors, 3 s . 6d. ' 

A Glimpso of the World. By the Author 
of ‘ Amy Herbert.’ Fcp. 7s. 6rf. 

The Journal of a Hdmo Life. By the. 
same Author. Post8vo. Of/. 

After Life ; aSiMpiel to the ‘Journal of a UomO 
Life.* By the same Author. Post 8vc. 

[Nearly reeuly. 

Gallus ; or, Roman Scenes of the Time 
of Augustus : with Notes and Excursuses 
illustrative of the Manners and Customs of 
the Ancient Romans. From the German of 
Prof. Beckku. New Edit. Post 8vo. 7*. 6d. 

Chcrioles ; a Tale illustrative of Private 
life among the Ancient Greeks : with Notes 
and Excursuses. From the German of Prof. 
Becker. New F.dition, Post 8vo. 7s. (kf. 


Narratives of Shipwrecks of the 

Royal Navy between 1793 and 1857, com- 
pile from Official Documents in the Ad? 
miralty by W. 0. S. Gilly ; with a Prel^v 
by W. S. Gilly, D.D. 3d Edition, fcp. 6s. 

Visits to Remarkable Places ; 
Old Halls, Battle-Fields, and Scenes illus- 
trative of Striking Passages in English 
History and Poetry. By Wiluam Howitt, 

2 vols. square crown 8vo. with Wood En- 
gravingg^ 25s. 

The Rural Life of England. 

By the same Author. With Woodcuts by 
Bewick and WiliiaiSs. Medium 8vo. 12s. 6d. 

A Week at the Land’s End. 

By J. T. Blight ; a.ssisted by E. II. Rood, 
R. Q. Couch, and J. Ualfs. With Map 
and 96 Woodcuts. Fcp. Cs. 6 J. 


Fiction. 

Springdale Abbey : Extracts from 
the Letters and Diaries of an English 

‘ PUKACHEK. '8 VO. I'Js. 

The Six Sisters of the Valleys: 
an Historical Romance. By W, Bramlby- 
Moore, M.A. Incumbent of Gerrard’s Cro.s9, 
Bucks. Fourth Edition, with Idlllustraiions. 
Crown 8vo. 5s. 

Tales from Greek Mythology. 
By Gegiuje W. Cox, M.A. late Scholar 
of Trin. Coll. Oxoh. Second Edition. Square 
iGuio. 3S.64!. " 

Tales of the Gods and Heroes. By the 
same Author. Second Edition. Fcp. os. 

Tales of Thebes and Argos. By the same 
Author. Fcp. 4s. Gd 

A Manual of Mythology, in tho form uf 
Clue.9tioa and Answer. By the saanr 
Author. Fcp. 3s. 

Cabinet Edition of Novels and 
Tales by By G. J. Whytk Mblvillb:— 

The Gladiators: aTaleof Romoaud Jiidica. 
Crown 8vo. 5s. 

Digby Grand, 5s. 

Kate Coventry, T)**. 

General Bounce, 5 r. 

Holmby House, r>s. 

Good for Nothing, 6s. 

The Queen's Maries, 6s. 

The Interpreter, a Talo of the War. 
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Poetry and The Drama. 


Moore’s Poetical Works, Cheapest 
Editions complete in 1 rol. inchnling the 
Autobiograpliicnl I'refoces and Author’s last 
Notes, which are still copyright. Crown 
8vo. ruby type, with Portrait, 6s. or 
People’s Edition, in larger type, 12s. Od. 

Moore’s Poetical Works, as abc^rc, Lilnury 
Edition, medium 8vo. with Portrait and 
Vignette, 14s. or in 10 vols. fcp. 3s. 6d. each. 

Moore’s Lalla Robkh, Tcnniel-s Edi- 
tion, with 68 Wood Kugfavings from 
Original Drawings and other Illustrations. 
Fcp. 4to. 21s. 

Moore’s Irish Melodies, Maclisc’.s 
Edition, v.’ith 161 Steel Plates from Original 
DraAviiigs. rtuper-royal 8vo. 31s. 6r/. 

Miniature Edition of Moore’s Irish 
MehditSf with Maclisc’s Illustrations, (as 
above) reduce i in Lithography. Imp. 
16ino. 10s. 6d. 

Southey’s Poetical Works, with 

the Author’s last Corrections and copyright 
Additions. Library Edition, iu 1 vol. 
medium 8vo. with Portrait and Vignette, 
14s. or in ] 0 vols. fcp, 3s. Gd . each. 

Lays of Ancient Borne ; with /wy 

and the Armada , By the Eight Hon. Lord 
Macaiji^ay. Uimo. 4s. 6J. 

Lord Macaulay’.s Lays of Ancient 
Kome, With 90 Illustrations on Wood, 
Original and from the Antique, from 
Drawings by G. Sohark. Fcp. 4to. 21.^. 

Miniature Edition of Lord Macaulay’s 
Lays of Ancient Rome, with Scharf’s 11- 
lustrations above) reduced in Litho- 
graphy. Imp. IGmo. 10s. Gd . 

Poems. By Jkan Ikgulow, Twelfth 
Edition. Fcp. 8vo- os. 

Poems by Jean Ingelow. A New Edition, 
with nearly 100 Iliustratioiis by Eminent 
Artists, engraved on Wood by the Brothers 
Dalzif.l. Fcp. 4to. 21s. 

A Story of Doom, and other Poems. By 
J kan Lvoisj^ow, Fq). 5s. 

Poetioal Works of Letitia Eliza- 

beth Landon (I.I.E.L.) 2 vols, 16mo. 10s, 

Playtime with the Poets : a Selec- 
tion of the best English {poetry for the use 
of Children. By a IjAdy, Crown 8vo. 5s, 


Memories of some Contemporary 

Poets; with Selections from their Writings. 
By Emii.y Tavi.ok. lioyal 18nio. 5s, 

Bowdler’s Family Shakspeare, 

cheaper Genuine Edition, complete in 1 vol. 
large typo, with 36 Woodcut lllustiations, 
price 14s. or in 6 pocket vols. 3s. 6r/. each. 

Shakspoare’s Sonnets never be- 
fore interpreted ; his Private Friends ideu- 
tilied ; together with a recovered Likeness 
of Himself By Gkkald Massky. 8vo. 18s. 

Ajrundines Cami, sive Musanim Can- 
tabrigiensium Lusus Caiiori. Collegit atque 
edidit H. Duuky, M.A. Editio Sexta, cu- 
ravit II. J. Hodgson, M.A. Crown 8vo. 
price 7s. 6d, 

Horatii Opera, Library Edition, with 
Copious Eiigli h Xotos, Marginal Rtfcrcncc.s 
and Various Readings. Edited by the Eav. 
J. E. Tonok, M.A. 8vo. 21s. 

Bight Comedies of Aristophanes, 

n’r. the Acharuians, Knight.’^, Cloudy. 
Wasps, I'eacc, Birds, Frogs, and I’lutus, 
Translated into Rhymed Metres b} 
Leoxakd-Hampson Rudd, M.A. 8vo. J5s. 

The JEneid of Virgil Translated into 
English Verse. By John Conington, 
M.A. Corpus Professor of Latin in the Uni- 
versity of ( Oxford, Crown 8vo. 9s. 

The Iliad of Homer Translated 

into Blank Vcr.se, By Ichabod Charlks 
Wright, M.A. 2 vols. crown 8vo. 2 Is. 

■ 1 

The Iliad of Homer in English 

Hexameter Verse. By J. Henry Dart, 
M.A. of Exeter College, Oxford. Square 
crown 8vo. 2 Is. 

Dante’s Divine Comedy, translated 
in English Tcrjsa Rima by John Dayman, 
MA. [With the Italian Text, after 
Prunetri, interpaged.] 8vo. 21s. 

The Holy Child, A Pom in Four 
Cantos ; also an Ode to Silence, and oth 
Poems. By S. Jknnki{, M.A. Fcp. 8vo. 5s 

Poetioal Works of John Bdmnnd 

Reader; with final Revision and Additions. 
8 vols. fcp. 18s. or each vol^ separately, 6s. 
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Rural Sports, ^'c. 


Enoyclopeedia of Bttral Sports ; 

aCpmplele Account, Historical, Practical, 
and Descriptive, of Hanting, Shooting, 
Fishing, Kacing, &c. By D. P. Blaixe. 
With above 600 VVoodcuta (20 from Designs 
by John Lefx'Ii). 8vo, 42s. 

CoL Hawkor’fl Instnictions to 

Young Sportsmen in all that relates to Guns 
and Shooting. Revised by the Author’s Son. 
Square crown 8vo. with llliistration.s. 18s. 

The Rifle, its Theory and Prac- 
tice, By Authvb Walkkr (79th High- 
landers), Staff, llytheand FleetwoodS' hoo!.^ 
of Musketry. Second Edition. Grown 8vo. 
with 125 NVoodcuts, 5s. 

The Dead Shot, or Sportsman’s Co7nplet-T 
Guide; a Treatise on the Use of the Gmi, 
Dog-breaking, Pigean-.shooting, ike. By 
Marksman. Fcp. with Plates, 5 n. 

A Book on Angling : heing n Corn- 
plote Treatise on the Art of Angling in 
every branch, includiij^ full IllustMted 

‘ Listsof Salmon FI By Fu.'.Ncrs Kraxcls. 
Second Edition, with Portrait and 15 otiter 
Plates, plain and coloured. Post8vo. 15,v. 

Ephemera’s Handbook of Ang- 
ling: Teaching Fly-tishing, Trolling, Bot- 
tom-lishing, Salmon-fishing ; with the 
Natural History* of River Fish. Fcp. 6«. 

The Ely -Fisher’s Entomology. 

*By Alfred Ronalds. With coloured 
Representations of the Natural and Artifi- 
cial Insect- Sixth Edition; with 29 
coloured Plates. 8vo, 14s. 

Youatt on the Horse. Revised and 
enlarged by W. Watson, M.R.C.V.S. 8vo. 
with numerous Woodcuts, 12jt. 6ri. 

Youatt on the Dog. (By the same Author.) 
8vo. with numerous Woodcuts, 6s, 


The Cricket Field ; or, the History 
and the Science of the Game of Cricket. By 
James PycnoKT, B.A. 4th E«li lion. Fc|>.5«. 

The Horse-Trainer’s and Sports- 
man’s Guide: with Consideration.^ on the 
Duties of Grooms, on Purchasing Blood 
Stock, and on Veterinary F.xaniinatiori. 
By Drenv Collins. Po.st 8vo. (h. 

Blaine’s Veterinary Art : a Trea- 
tiae on the Anatomy, Physiology, and 
Curative Treatment of th.o Diseases of the 
Horse, Neat (Rattle, and Sheep. Seventh 
Edition, revised and enlarged by C. Steel. 
8 VO. with Plates and Woodcuts, 18.'. 

On Drill and Manoeuvres of 

Cavalry, combined with Horse Artillery. 
By Major-Gen. Micraei. \V. C.B. 

8 yo. 12». 6d. 

The Horse’s Foot, and how to keep 
it Somid. By W. Mrr.ES, Esq. 9th Edition, 
with Illustrations. Imp. 8vo. 12.5. 6d. 

A Plain Treatise on Horse-shoeing. By 
the same Author. Post 8vo. wdtli Illustra- 
tions, 2s. (id. 

Stables and Stable Fittings. By the same. 

Imp. 8vo. with 13 Plates, I5s, 

Bemarks on Horses’ Teeth, addressed to 
Purchasers. By the .same. Post 8vo. 1#. 6«A 

The Dog in Health and Disease. 

By Stonehbnob. With 70 Wood En- 
gravings. New Edition. Square crown 
8 VO. 10 s. Gd. 

The G-reyhound. By the same Author. 
Revised Edition, with 24 Portraits of Grey- 
hounds, Square crown 8vo. 21«, 

The Ox, his Diseases and their Treat 
ment ; with an Essay on Parturition in the 
Cow. By J. R. Dobson, M.R.C.V.S, Crown 
8vo. with Illustrations, 7s. Gd. 




Commerce, Navigation, and Mercantile Aghirs. 


Banking, Currency, and the Ex- 
changes: a Practical Treatise. By Arthur 
Crump, Bank Manager, formerly of the 
Bank of England. Post Svo. 6«. 

The Elements of Banking. By 
j Hsnrt Dunning MaOluod, M.A. of Tri- 
nity College; Cambridge, and of the Inner 
Temple, Barrister •at-> Law. Post 8vo. 

\lSftwrly ready. 


The Theory and Practice of 

Banking. By IIrnry Dunning Magleod, 
M.A. Barrister- at- Law. Second Edition, 
entirely remodelled. 2 vols. 8vo. 30s. 

A Dictionary, Practical, Theo- 
retical, and Historical, of Commerce and 
Commercial Navigation, By J, E. McCul- 
loch. New Edition in the press. 
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Elements ot Maritime Inter 

national Law. Rv Wija.iAM Dk Uur.Gii, 
li A. of the Inner I'emple, Barriater-at-Laiv 
870. 

Papers on Maritime Legislation; 

with a Translation of the German Mercan- 
tile Law relating to Maritime Commerce. 
By Ernst Emu. Wkndt. 8vo. 10#. 6//. 

Practical Guido for British Ship- 
masters to United States Ports. By Pikr- 
KisroxT Ei)W’a\iids, Her Britannic Majesty’s 
Vice-Consul at New York.- Post 8vo. 8s. (Ui. 


The Law of Nations Considered 

I as Independent Political Communities. By 
I Travbrs Twiss, D.C.L. Regius Professor 
I of Civil Law in the University of Oxford. 
2 vols. 8vo. 30s. or separately, Part 1. jPeoce, 
12s. Part II. Wvar, 18s. 

; A Nautical Dictionary, downing 

I the Technical Language relative to the 
Building and Equipment of Sailing Vessels 
\ and Steamers, &c. By Arthur Youxg. 
Second Edition ; with Plates and 150 \Ybod- 
cots. 8vo. I8s. 


Worh^ of Utility and (jeneral Information. 


Modern Cookery for Private 

Families, reduced^ to a System of Eas\* 
Practice in a Scries of carefully-tested 
Iwceipta. By Eliza Acton. Xewly re- 
vised and enls^-a^J; with 8 Plates, Figures, 
and 150 Woodciu?;. Fop. Cs. 

On Pood and its Digestion; an 

Introduction to Dietetics. By \V. Brinton, 
M-D. Physician to Thomas’s Hospital, 
&c. With 48 VV’oodcuts. Post 8vo. 12s. 

Wine, the Vino, and the Cellar* 

By Thomas (L Shaw, Second Edition, 
revised and enlarged, with Frontispiece and 
31 Illustrations on Wood. 8vo 16s. 

A Practical Treatise on Brewing ; 

with Formulss for Public Brewers, and In- 
structions for Private Families. Bj* W, 
Black. Fifth Edition. 8vo. 10s. 6</. 

How to Brow Good ^Beor ; a com- 
plete Guide to the Art of Brewing Ale, 
Bitter Ale, Table Ale, Brown Stout, Porter, 
and Table Beer, By John Pitt. Revised 
Edition. Fcp. 4s. ^uL 

The Billiard Book. By Cai:)tain 
Crawley, Author of ‘Billiards, it.s Theory 
and Practice,’ &c With nearlylOO Uiagrams 
on Steel and Wood, 8vo. 21s. 

Wxliat, What to Lead. By Cam. 
Third Edition. 32 mo. Is. 

The Cabinet Lawyer ; a Popular 
Digest of the Laws of England, Civil, 
Criminal, and Constitutional. 23rd Edition, 
entirely recomposed, and brought down b^ 
the Author to the close of the Parliamen- 
tary Session of 1867. Fcp. 10s. 6d. 

The FhUosophy of Health ; or, an 

Exposition of the Physiological and Sanitary 
Conditions conducive to Human Longevity 
and Hap^^. By Southwood Smith, 
M.D. j^^th Edition, Revised and en- 
larged ; wiw 118 Woodcuts. 8vo. 7s. 6</. 


A Handbook for Headers at the 

British Museum. By Thomas Xichol-, 
Post 8vo. 6.t. 

Hints to Mothers on the Manage- 
ment of their Health during the. Period o: 
Pregnancy and in the Lying-in Room. Bv 
T. Bull,M.D. Fcp. 5 s. 

The Maternal Management of Children 
in Health and Disease. By the same 
Author. Fcp. 5*. 

Notes on Hospitals. By Florence 
Nightinoalb. Third iMlitioii, enlarged : 
with 13 Plans. Post 4to. 18s. 

The Exocut or ^s Guide. By J. C. 

II udson. Enlarged Edition, revised by tlu* 
Author, with reference to the latest reported 
Cases and Acts of Parliahient. Fcp. (Is. 

The Law relating to Benefit 

Builvling Societies; with Practical Obsei^- 
vatior.s on the Act and all the Cases decided 
thereon, also a Form of Rules and Forms oi 
Mortgages. By W. Tidd Pratt, B.errister. 
2Dd Edition. Fcp. 8s. 6d. 

Wniich’s Popiilar Tables for As- 
certaining the Value of Lifehold, Lease- 
hold, and Church Property, Renewal 
Fines, &c. ; the Public Funds; Annual 
Average Price and Interest on Consols from 
1731 to 1861 ; Chemical, Geographical, 
Astronomical, Trigonometrical Tables, &c. 
Post 8vo. 10a. 

Decimal Interest Tables at Twenty- 

four Different Rates not exceeding Five per 
Cent. Calculated for the use of Bunkers. 
To which are added Corotnission Tables at 
Ouc-eighth and One-fourth per Cent. By 
J. R. CouLTHABT. Kew Edition. 8vo. 15.<. 

Maunder’a Treamixy of Enow- 

ledge and Library of Reference : comprising 
an English Dictionary and Grammar, Uni- 
versal Gazetteer, Classical Dictionaiy, Chr^ 
oology, Law Dictionar}^ Synopsis of the 
Peerage, useftil Tables, &c. Fcp. 10s. Bd. 
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